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We consider the interacting system of D = 4 N = 1 supergravity and the Brink–Schwarz massless
superparticle as described by the sum of their superfield actions, and derive the complete set of
superfield equations of motion for the coupled dynamical system. These include source terms given
by derivatives of a vector superfield current density with support on the worldline. This current
density is constructed from the spin 3/2 and spin 2 current density ‘prepotentials’. We analyze the
gauge symmetry of the coupled action and show that it is possible to fix the gauge in such a way
that the equations of motion reduce to those of the supergravity–bosonic particle coupled system.
PACS numbers: 11.30.Pb, 11.25.-w, 04.65.+e, 11.10Kk
INTRODUCTION
There has been recently a search for selfconsistent
equations for supergravity coupled to a superbrane. They
are needed, in particular, for the analysis of anomalies in
M-theory [1] and in relation to the search [2] for a super-
symmetric Brane World scenario [3].
In lower dimensions, D = 3, 4 (and for D = 6 us-
ing harmonic superspace [4]), where a superfield ac-
tion for supergravity exists, one may develop a con-
ventional approach to the supergravity–superbrane sys-
tems by using the sum of the superfield action of su-
pergravity and the superbrane action. Such a su-
perfield Lagrangian description of the low–dimensional
supergravity–superbrane coupled system provides a pos-
sibility to study the structure of the superfield current
densities of the supersymmetric extended objects, which
might produce some insight in the search for a new su-
perfield approach to higher dimensional supergravity in
the line of Refs. [5].
In this paper we give a fully dynamical superfield de-
scription of the simplest D = 4 N = 1 supergravity–
superparticle interacting system, given by the sum of
the superfield action for supergravity [6] and the Brink–
Schwarz action for the massless superparticle [7] . We
derive the complete set of superfield equations of mo-
tion and find that the superfield generalizations of the
Einstein and Rarita–Schwinger equations acquire source
terms. Both sources are determined by the action of the
Grassmann spinor covariant derivatives on the vector su-
perfield current density distribution, which, in turn, is
constructed from the spin 3/2 and spin 2 current ‘prepo-
tentials’.
The D = 3, 4 superfield supergravity action [6] (see
also [8–10]) possesses off-shell supersymmetry and can
be written, after integration of Grassmann variables, as a
spacetime supergravity action (see, e.g., [11–15]) involv-
ing the so–called auxiliary fields (real vector and pseu-
doscalar for ‘minimal’ supergravity, see, e.g., [8–10]). In
higher dimensions, D = 10, 11, neither the superfield ac-
tion nor the set of auxiliary fields are known (see, how-
ever, [16,17] for linearized D = 10, N = 1 supergravity
and [5] for recent progress in superfield description of
D = 11 supergravity). For these cases we proposed in
[18] to use the sum of the group manifold action for su-
pergravity [19] and the superbrane action as the basis
for a Lagrangian description of dynamical supergravity
and the superbrane source system. Then it was shown in
[20] that the bosonic ‘limit’ of such a dynamical system,
provided by the component formulation for supergravity
coupled to the bosonic brane, is selfconsistent and pre-
serves 1/2 of the local supersymmetry of ‘free’ supergrav-
ity (cf. [2], where supergravity interacting with bosonic
branes fixed at the orbifold fixed “points” is considered).
The approach of [18] is general and could be applied,
in principle, to any coupled supergravity–superbrane dy-
namical system provided that the group manifold ap-
proach to the specific supergravity considered exists (this
requires its search if it is not known, e.g. for D = 10
type IIA and type IIB supergravity). On the other hand,
the results of [18] (see also [20,21]) were not quite what
one would commonly expect. In particular, while the su-
persymmetric generalization of the Einstein equation ac-
quired the expected source term from the super–p–brane,
the superform generalization of the Rarita–Schwinger
equation remained sourceless [18]. One might wonder
whether these properties would be reproduced by the
conventional superfield approach to the dynamically in-
teracting system. Showing that this is indeed the case is
an additional motivation for the present study.
In this paper we also analyze the gauge symmetry of
the coupled action and find that it is possible to fix
a gauge in which the superparticle coordinate function
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is zero, θˆ(τ) = 0 1, and that incorporates the Wess–
Zumino (WZ) gauge for supergravity. We show that in
this gauge the equations of motion for the supergravity–
superparticle coupled system reduce to those for the
supergravity–bosonic particle coupled system derived in
[20] (for any dimension D). The superfield action in this
gauge should also coincide with the action considered in
[20] after integration over the superspace Grassmann co-
ordinates θ (not to be confused with the fermionic func-
tion θˆ ≡ θˆ(τ)) and elimination of the auxiliary fields by
using their (purely algebraic) equations of motion. This
explains the selfconsistency of the supergravity–bosonic
particle coupled system, which was studied in [20].
This paper is organized as follows. The first three sec-
tions are devoted to the minimal off–shell formulation of
simple supergravity in D = 4, N = 1 superspace. In
spite of the fact that much of the material in these sec-
tions can be found in books [12–15] and original articles
[9,11,27,28], we have found necessary to present it here
in a unified notation.
Specifically, we describe in Sect. I the superspace tor-
sion constraints and their consequences derived with the
use of Bianchi identities, collect them in compact dif-
ferential form and present the expressions for the l.h.s’s
of the superfield generalizations of the Rarita–Schwinger
and Einstein equations in terms of the so–called main su-
perfields and their covariant derivatives. In Sec. II we
describe the complete form of the Wess–Zumino gauge
(fixed through conditions on the superfield supergravity
potentials, i.e., on the supervielbein and spin connec-
tion) and describe the residual gauge symmetry which
preserves this Wess–Zumino gauge.
In Sect. III we present the Wess–Zumino action for
D = 4, N = 1 supergravity, and comment on the deriva-
tion of ‘free’ superfield equations of motion. Sect. IV
describes the D = 4 N = 1 Brink–Schwarz superpar-
ticle action in a supergravity background (i.e. without
assuming any action for superfield supergravity).
In Sect. V we present the coupled action for D = 4,
N = 1 supergravity–superparticle interacting system and
study its gauge symmetry (Sect. VA) which turns out
to be the ‘direct sum’ of supergravity and superparticle
gauge symmetries. We derive the superfield equations of
motion for the coupled system (Sect. VB) and study the
properties of the superfield current potential and prepo-
tentials (Sect. VC). We also find the superfield general-
izations of the Rarita–Schwinger and Einstein equations,
both of which contain source terms.
In Sect. VI we show that the gauge symmetries of
the coupled system allow one to fix a gauge in which
the superparticle fermionic coordinate functions are set
equal to zero. We explain why the coupled action in this
gauge reduces to the action of component supergravity
interacting with a bosonic particle. We show that the
dynamical equations following from the superfield action
are reduced to the equations for the supergravity–bosonic
particle coupled system [20] in this gauge. We comment
briefly on the bosonic counterpart of this gauge in gen-
eral relativity with sources and on the relation of these
results with the (super) Higgs effect in the presence of
superbranes, and conclude in Sec. VII.
Some technical results and additional discussion are
given in the Appendices. Appendix A describes the chi-
ral projector in D = 4, N = 1 superspace. In Appendix
B we present the complete list of manifest local (gauge)
symmetries of the superspace formulation of supergrav-
ity. We discuss both the active and passive form of the
superspace general coordinate transformations, which we
call general coordinate transformations and superdiffeo-
morphisms, respectively (see [20,21]). Appendix C con-
tains more details on the Wess–Zumino gauge. We de-
termine there the complete set of residual gauge sym-
metries which preserve this gauge. Surprisingly, by dis-
cussing all the gauge symmetries we find that the Wess–
Zumino gauge is invariant under the active form of the
superspace general coordinate transformations (in addi-
tion to the well known spacetime local supersymmetry
and Lorentz symmetry as well as spacetime diffeomor-
phisms). We discuss briefly the roˆle of this additional
superfield gauge invariance. Finally, Appendix D collects
more details about the symmetries of the Brink–Schwarz
superparticle action.
I. D = 4 N = 1 SUPERGRAVITY IN SUPERSPACE
In this section we summarize our conventions and some
known facts about the off–shell description of D = 4,
N = 1 supergravity in superspace. All the formulae in
this section coincide with those in [13] up to some signs
and numerical coefficients in definitions. However, they
are written here in a more compact differential form no-
tation.
A. Superspace constraints for minimal supergravity
Let {ZM} ≡ {xµ, θα˘} be the coordinates of curved
D = 4 N = 1 superspace Σ(4|4). Here θα˘ (α˘ = 1, 2, 3, 4 )
are real Grassmann coordinates (in flat superspace, as
well as in the Wess–Zumino gauge, a Majorana spinor
θα, α = 1, 2, 3, 4). An unholonomic basis of the cotangent
superspace is provided by the supervielbein one–forms
1This fact reflects the Goldstone nature of the superparticle coordinate functions [22–24] and is related to the super–Higgs
effect [25] (see also [26]).
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EA ≡ (Ea, Eα) = (Ea, Eα, E¯α˙) ;
Ea = dZMEaM (Z) ,
Eα = dZME
α
M (Z) ↔
{
Eα = dZMEαM (Z) ,
E¯α˙ = dZM E¯α˙M (Z) .
(1.1)
In this paper we mainly use Weyl spinors notation (α =
1, 2, α˙ = 1, 2), except for Secs. II and VI, where Majo-
rana spinors are used [29].
An off–shell supergravity multiplet can be ex-
tracted from the general superfields EaM (Z), E
α
M (Z) =
(EαM (Z), E¯Mα˙(Z)) by imposing the constraints on some
components TCB
A, RCD
ab, of torsion 2–forms,
T a := DEa = dEa − Eb ∧ wb
a ≡
≡ 12E
B ∧ ECTCB
a , (1.2)
Tα := DEα = dEα − Eβ ∧ wβ
α ≡
≡ 12E
B ∧ ECTαCB , (1.3)
T α˙ := DE¯α˙ = dE¯α˙ − E¯β˙ ∧ wβ˙
α˙ ≡
≡ 12E
B ∧ ECT α˙CB , (1.4)
and the curvature
Rab := dwab − wac ∧ wc
b ≡ 12E
C ∧EDRDC
ab (1.5)
of the spin connection one–form wab = dZMwM
ab =
−wba
wβ
α = 14w
ab(σaσ˜b)β
α , wβ˙
α˙ = − 14w
ab(σ˜aσb)
α˙
β˙ , (1.6)
The constraints of minimal supergravity [30,8,13,9] in-
clude Tαβ˙
a = −2iσa
αβ˙
as well as Tαβ
A = 0 = Tα˙β˙
A,
Tαβ˙
γ˙ = 0, Tαb
c = 0, and Rαβ˙
ab = 0 (or Tab
c = 0 as,
e.g., in [13]) 2. In the presence of the complete set of
constraints, the Bianchi identities
DTA ≡ −EB ∧RB
A ⇔


DT a ≡ −Eb ∧Rb
a ,
DTα ≡ −Eβ ∧Rβ
α ,
DT α˙ ≡ −Eβ˙ ∧Rβ˙
α˙ ,
(1.7)
DRab ≡ 0 ⇒
{
DRα
β ≡ 0 ,
DRα˙
β˙ ≡ 0 ,
(1.8)
(integrability conditions for Eqs. (1.2)–(1.5)) express the
superspace torsion and curvature through the set of ‘main
superfields’
Ga := 2i(Taβ
β − Taβ˙
β˙) , (1.9)
R¯ := − 13Rαβ
αβ = (R)∗ , (1.10)
Wαβγ := 4iσ˜cγ˙γRγ˙c
αβ = W (αβγ) = (W¯ α˙β˙γ˙)∗ . (1.11)
The constraints of minimal supergravity and their con-
sequences can be collected in the following expressions for
the superspace torsion 2–forms (cf. [13])
T a = −2iσaαα˙E
α ∧ E¯α˙ + 116E
b ∧ EcεabcdG
d , (1.12)
Tα = i8E
c ∧ Eβ(σcσ˜d)β
αGd −
− i8E
c ∧ E¯β˙ǫαβσcββ˙R+
1
2E
c ∧ Eb Tbc
α , (1.13)
T α˙ = i8E
c ∧ Eβǫα˙β˙σcββ˙R¯−
− i8E
c ∧ E¯β˙(σ˜dσc)
α˙
β˙ G
d + 12E
c ∧ Eb Tbc
α˙ . (1.14)
The superspace Riemann curvature 2–form is deter-
mined by
Rab := dwab − wac ∧ wc
b =
= 12R
αβ(σaσ˜b)αβ −
1
2R
α˙β˙(σ˜aσb)α˙β˙ , (1.15)
with
Rαβ ≡ dwαβ − wαγ ∧ wγ
β ≡ 14R
ab(σaσ˜b)
αβ =
= − 12E
α ∧EβR¯− i8E
c ∧ E(α σ˜c
γ˙β)D¯γ˙R¯+
+ i8E
c ∧ Eγ(σcσ˜d)γ
(βDα)Gd −
− i8E
c ∧ E¯β˙σcγβ˙W
αβγ + 12E
d ∧ EcRcd
αβ , (1.16)
and Rα˙β˙ = (Rαβ)∗.
Note that in our conventions the spinor covariant
derivatives Dα = −(D¯α˙)
∗ are defined by the following
decomposition of the covariant differential D
D := EADA = E
aDa + E
αDα =
= EaDa + E
αDα + E¯
α˙D¯α˙ . (1.17)
(hence, Dα = (Dα , −D¯
α˙); note the minus sign). Then,
since e.g., Dα = Eα
M∂M + wα, it is also natural
that the spinor components of the spin connection form
wab = dZMwabM = E
AwabA := E
cwabc + E
αwα
ab +
E¯α˙wα˙
ab be related by wα
ab = −(wα˙
ab)∗ (hence, wα
ab =
(wα
ab,−wα˙ab)).
The Bianchi identities (1.7), (1.8) imply as well that
the main superfields (1.9), (1.10), (1.11) obey the equa-
tions
DαR¯ = 0 , D¯α˙R = 0 , (1.18)
D¯α˙W
αβγ = 0 , DαW¯
α˙β˙γ˙ = 0 , (1.19)
D¯α˙Gαα˙ = DαR , D
αGαα˙ = D¯α˙R¯ , (1.20)
DγW
αβγ = D¯γ˙D
(αGβ)γ˙ ,
D¯γ˙W¯
α˙β˙γ˙ = DγD¯
(α˙|Gγ|β˙) . (1.21)
For the sake of brevity, we will call ‘constraints’ the
complete set of relations (1.12)–(1.14), (1.16), (1.18)–
(1.21).
2A minimal complete set of superspace constraints for the minimal supergravity multiplet [31] can be found, e.g., in [12,13,27];
see [9,12,32,27] and refs. therein for nonminimal supergravity multiplets, and [33] for a discussion of the algebraic origin of the
supergravity constraints.
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B. Off–shell nature of the constraints
Using the Bianchi identities (1.7), (1.8), one also finds
that the fermionic torsion components Tab
α Tab
α˙ entering
Eqs. (1.13), (1.14) (which may be regarded as superfield
generalizations of the gravitino field strengths, see below
(2.6)) are also expressed through the main superfields
(1.9), (1.10), (1.11)
Tαα˙ ββ˙ γ ≡ σ
a
αα˙σ
b
ββ˙
ǫγδTab
δ = − 18ǫαβD¯(α˙|Gγ|β˙) −
− 18ǫα˙β˙ [Wαβγ − 2ǫγ(αDβ)R] , (1.22)
Tαα˙ ββ˙ γ˙ ≡ σ
a
αα˙σ
b
ββ˙
ǫγ˙δ˙Tab
δ˙ = 18ǫα˙β˙D(αGβ)γ˙ −
− 18ǫαβ [W¯α˙β˙γ˙ + 2ǫγ˙(α˙D¯β˙)R¯] . (1.23)
Eqs. (1.22), (1.23) imply, in particular,
(σaσ˜b)β
γTabγ =
3
4DβR ,
(σ˜aσb)γ˙ β˙Tabγ˙ =
3
4 D¯β˙R¯ . (1.24)
Moreover, the l.h.s of the Rarita–Schwinger equation
can be identified with the leading component (i.e., the
θ = 0 value) of the superfield expression ǫabcdTbc
ασdαα˙
(see (3.16) and e.g., [13]). Using the Pauli matrix alge-
bra (σaσ˜b = ηabI+ i2ǫ
abcdσcσ˜d, σ
[aσ˜b]σb = 3σ
a) one finds
from Eq. (1.22)
Ψaα˙ := ǫ
abcdTbc
ασdαα˙ =
= i8 σ˜
aβ˙βD¯(β˙|Gβ|α˙) +
3i
8 σ
a
βα˙D
βR . (1.25)
The fields DβR|θ=0 and D¯(β˙|Gβ|α˙)|θ=0 are not re-
stricted by the constraints (1.12)–(1.16), (1.18)–(1.21).
They are arbitrary fermionic functions, which rather can
be identified with the corresponding irreducible parts of
the leading component Ψaα˙|θ=0 of the Rarita–Schwinger
superfield Ψaα˙. Hence, Ψ
a
α˙|θ=0 remains arbitrary.
Similarly, the bosonic Riemann curvature tensor su-
perfield is determined by
σcγγ˙σ
d
δδ˙
Rcd
αβ = −2ǫγδrγ˙δ˙
αβ − 2ǫγ˙δ˙rγδ
αβ (1.26)
rγ˙δ˙
αβ = 116 D¯(γ˙D
(αGβ)δ˙) (1.27)
rγδ
αβ = − 116D(γWδ)
αβ − 132δ
α
(γδ
β
δ)(D¯D¯R¯− 2RR¯) . (1.28)
In particular, (1.28) indicates that the superfield gener-
alization of the (spin–tensor components of the) Weyl
tensor, Cαβγδ = C(αβγδ), are defined through the nonva-
nishing spinor derivative of Wαβγ
Cαβγδ := r(αβγδ) = −
1
16D(αWβγδ) . (1.29)
In this sense one says that Wαβγ and its complex con-
jugate W¯α˙β˙γ˙ provide a superfield generalization of the
Weyl tensor.
The superfield generalization of the Ricci tensor is
given by
Rbc
ac = 132 (D
βD¯(α˙|Gα|β˙) − D¯β˙D(βGα)α˙)σaαα˙σbββ˙ −
− 364 (D¯D¯R¯+DDR − 4RR¯)δ
a
b , (1.30)
and, henceforth, the scalar curvature superfield is
Rab
ab = −
3
16
(D¯D¯R¯+DDR − 4RR¯) . (1.31)
Hence, once again, one can identify the (arbitrary)
leading components of the corresponding second deriva-
tives of main superfields Ga and R (entering the r.h.s.
of Eq. (1.30)) with the irreducible components of
the Ricci tensor Rbc
ac|θ=0 (or Einstein tensor (Rbc
ac −
1
2δb
aRdc
dc)|θ=0) which, thus, remains arbitrary after im-
posing the constraints (1.12)–(1.16).
This exhibits the well known fact that the constraints
(1.12)–(1.16) describe the off–shell supergravity multi-
plet.
II. WESS–ZUMINO (WZ) GAUGE
To move from the superfield formulation of supergrav-
ity to the component formulation (i.e. in terms of space-
time fields) [11,13], one fixes the so–called Wess–Zumino
(WZ) gauge, where, in particular, 3
Eα˘
a|θ=0 = 0 , Eα˘
β |θ=0 = δα˘
β , wabα˘ |θ=0 = 0 , (2.1)
while
E aµ |θ=0 = e
a
µ (x) , E
α
µ |θ=0 = ψ
α
µ , (2.2)
wabµ |θ=0 = ω
ab
µ (x) (2.3)
remain unrestricted and are identified with the vielbein,
gravitino and (composed) spin–connection fields of the
component formulation of supergravity [11,13].
One can collect the expressions for the supervielbein
superfield in (2.1), (2.2) in the matrix relation
EN
A|θ=0 =
(
eaν(x) ψ
α
ν (x)
0 δ
β˘
α
)
. (2.4)
Their evident consequences are
EA
N |θ=0 =
(
eνa(x) −ψ
β˘
a (x)
0 δα
β˘
)
, (2.5)
3We mainly use in Sec. II Majorana spinor notations Eα = (Eα, Eα˙) [29]; this also makes all the formulae of this section,
except Eq. (2.6), applicable to any dimension D.
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where ψβ˘a (x) ≡ e
ν
aψ
α
ν (x)δα
β˘ .
Note that already these simple formulae allow one to
derive, e.g., the following useful formula
Tab
α|θ=0 = 2e
µ
ae
ν
bD[µψ
α
ν](x) −
− i4 (ψ[aσb])β˙G
αβ˙ |θ=0 −
i
4 (σ˜[aψ¯b])
αR|θ=0 , (2.6)
where D[µψ
α
ν](x) = ∂[µψ
α
ν](x) − ψ
β
[ν(x)wµ]β
α|θ=0 is the
gravitino fields strength (though with the nonstandard
spin connection which, in general, due to (1.12), involves
the term proportional to Ga|θ=0 into the spacetime tor-
sion). Thus one can call Tab
α the superfield generaliza-
tion of the gravitino field strength.
One more simple but useful equation which is valid due
to Eqs. (2.1), (2.2) is
E|θ=θ¯=0 ≡ sdet(E
A
M (x, 0, 0)) = det(e
a
µ) ≡ e(x) . (2.7)
A. Complete description of the Wess–Zumino gauge
As it was early recognized [28,34,35], the WZ gauge
is the fermionic counterpart of the normal coordinate
system in General Relativity (see refs. in [10,36] and
[10,36,28] for the so–called normal gauge in supergravity,
which is the complete superspace generalization of the
normal coordinate frame). This observation suggested to
collect [28] the complete set of the conditions of the WZ
gauge in 4
θα˘E aα˘ = 0 , θ
α˘(E
β
α˘ − δ
β
α˘ ) = 0 , (2.8)
θα˘wabα˘ = 0 .
Using the inner product notation (see Eqs. (B.10),
(B.11)), the WZ gauge may be equivalently defined by
iθE
a = 0 , (2.9)
iθE
α = θβ˘δ
α
β˘
≡ θα , (2.10)
iθw
ab = 0 , (2.11)
where θα is a Grassmann coordinate with a tangent space
spinor index,
θβ ≡ θα˘δα˘
β . (2.12)
One of the characteristic properties of the WZ gauge
(2.8) is that the Grassmann coordinate (2.12) coincides
with the contraction of the fermionic supervielbein form,
(2.10). The next observation is that in the gauge (2.8)
θα˘Dα˘ = θ
β Dβ = θ
α˘∂α˘ ≡ θ∂ . (2.13)
With this in mind one can find that the decomposition of
the supervielbein and spin connection superfields can be
expressed in terms of the physical graviton and gravitino
fields (Eq. (2.2)), the leading components of the torsion
and curvature superfields and their covariant derivatives.
A convenient way of reproducing these decompositions is
by using the following recurrent relations (cf. [28])
(1 + θ∂)Ea = iθT
a + dxµEaµ (2.14)
(1 + θ∂)Eα = Dθα + iθT
α + dxµE
α
µ , (2.15)
(1 + θ∂)wab = iθR
ab + dxµwabµ , (2.16)
together with Eq. (2.13). Eqs. (2.14), (2.15), (2.16) are
obtained by taking the external derivative of the defining
relations of the WZ gauge, Eqs. (2.8). There
Dθβ = dθβ − θγwγ
β , (2.17)
iθT
A ≡ ECθβTβC
A , iθR
ab ≡ EDθγRγD
ab . (2.18)
Eqs. (2.14), (2.15), (2.16) do not restrict the physical
fields (2.2), as the terms containing dxµ in l.h.s’s are
canceled by the last terms in the r.h.s’s. Thus the lead-
ing (θ = 0) components of Eqs. (2.14), (2.15), (2.16)
reproduce Eqs. (2.1).
A discussion of the decomposition of the superfields,
i.e. of the solutions to Eqs. (2.14), (2.15) and (2.16),
can be found in Appendix C1.
B. Symmetries preserving the Wess–Zumino gauge
In the consideration of the coupled system it is impor-
tant to know the subset of superspace local symmetries
preserving the gauge (2.8). The subset of superspace
diffeomorphisms (parameter bM (Z)) and local Lorentz
(Lab(Z)) transformations preserving this gauge is singled
out by the equations (see Appendix C2 for details and
further discussion)
θ∂(bA) = (bB)θγTγB
A +
+ θγ(Lγ
β − bMwMγ
β)δβ
A , (2.19)
θ∂(Lab(Z)− bMwM
ab) = −bDθγRγD
ab , (2.20)
where
LB
A(Z) =
(
Lb
a 0
0 Lβ
α
)
, Lab = −Lba ,
Lβ
α = 14L
abγabβ
α , (2.21)
4Note that there exists another (‘prepotential’) form of the Wess–Zumino gauge which is fixed through a condition for the
Ogievetsky–Sokatchev auxiliary vector prepotential, giving Hµ = θσaθ¯eµa(x) + θ¯θ¯θ
αψµα(x) + c.c. + θθ θ¯θ¯ A
µ(x) [8], and for the
chiral compensator, Φ = e1/3(1− 2
3
θσaψ¯a + . . .) (see, e.g., [9,28]).
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and the parameter bM can be conventionally decomposed
into a fermionic spinor and a bosonic vector part
bA := bM (Z)EAM (Z) ≡ (b
a(Z), εα(Z)) , (2.22)
It is instructive to write Eqs. (2.19), (2.20) in the weak
field approximation. At zero–order one finds the set of
equations
θ∂(ba) = −2iεβγaβγθ
γ , (2.23)
θ∂(εα) = θβLβ
α , (2.24)
θ∂Lab(Z) = 0 , (2.25)
which can be easily solved,
ba(Z) = ba0(x) + 2iθγ
aε0(x) +
i
4θ(γbcγ
a)θ lbc(x) , (2.26)
εα(Z) = ε
α
0 (x) − θ
βlβ
α(x) , (2.27)
Lab(Z) = lab(x) , (2.28)
where ba0(x), ε
α
0 (x) are arbitrary vector and spinor func-
tions and lab(x) are local Lorentz parameters.
In the general case the WZ gauge is also preserved,
in particular (see Appendix C2) by spacetime diffeo-
morphisms (with parameters ba(Z)|θ=0), as well as by
Lorentz (lab(x)) and local supersymmetry (εα(x) =
εα(Z)|θ=0) transformations.
III. SUPERFIELD ACTION FOR ‘FREE’ D = 4
N = 1 SUPERGRAVITY
A. Superfield action and variational problem with
constraints
The D = 4 N = 1 supergravity action can be written
[6] as an integral over superspace Σ(4|4) of the Berezenian
(superdeterminant) E := sdet(EAM ) of the supervielbein
EAM (Z),
SSG =
∫
d4xd˜4θ sdet(EAM ) ≡
∫
d8Z E , (3.1)
where EAM (Z) are assumed to be subject to the con-
straints (1.12), (1.13), (1.14), (1.16). This action is evi-
dently invariant under the superdiffeomorphisms and lo-
cal Lorentz symmetries (further discussion of its gauge
symmetries can be found in Appendix B1).
One of the ways to obtain the superfield equations of
motion from this action is to solve the constraints in
terms of unconstrained superfields (prepotentials): ax-
ial vector superfield Hµ(x, θ) [8] and chiral compensator
Φ [9] (in this way the local symmetries of the complete
superfield formulation are partially gauge fixed).
Alternatively, following [6], one can keep EAM (Z) as
the basic variable, but take the constraints into account
when searching for the independent variations. Namely,
one denotes the general variation of the supervielbein and
spin connections by [6]
δE AM (Z) = E
B
MK
A
B (δ) , δw
ab
M (Z) = E
C
Mu
ab
C (δ) , (3.2)
and obtains the equations to be satisfied byKAB (δ), u
ab
C (δ)
from the requirement that the constraints (1.12), (1.13)
are preserved under (3.2). Then one solves these equa-
tions in terms of some set of independent variations.
Straightforward but quite involved calculations (the re-
sults of which were partially given in [6]) show that the
constraints of minimal supergravity (1.12)–(1.16) are pre-
served by a set of superfield variations (superspace coor-
dinates are not affected) which include:
i) the local Lorentz transformations δL(L
ab), Eq. (B.1);
ii) the variational version of the superspace general coor-
dinate transformations [6] (δ˜gc(t
A), Eqs. (B.15), (B.16),
(B.17) in Appendix B);
iii) the set of transformations with parameters δHa =
1
2σ
a
αα˙δH
αα˙, δU , δU¯ , under which the supervielbein trans-
forms as 5
δEa = Ea(Λ(δ) + Λ¯(δ)) − 14E
bσ˜α˙αb [Dα, D¯α˙]δH
a +
+ iEαDαδH
a − iE¯α˙D¯α˙δH
a , (3.3)
δEα = EaΞαa (δ) + E
αΛ(δ) + 18 E¯
α˙Rσaα˙
αδHa . (3.4)
In Eqs. (3.3), (3.4), Λ(δ), Λ¯(δ) are given by
Λ(δ) = 124 σ˜
α˙α
a [Dα, D¯α˙]δH
a + i4DaδH
a + 124GaδH
a
+ 2(DD − R¯)δU − (D¯D¯ −R)δU¯ (3.5)
Λ(δ) + Λ¯(δ) = 112 σ˜
α˙α
a [Dα, D¯α˙]δH
a + 112GaδH
a +
+ (DD − R¯)δU + (D¯D¯ − R)δU¯ ; (3.6)
the explicit expression for Ξαa (δ) in (3.4) will not be
needed below. It reads
Ξαa (δ) =
i
4σaβγ˙u
γ˙ αβ(δ)− i4 σ˜
α˙α
a D¯α˙Λ(δ)−
− i32σaββ˙D
βRδHαβ˙ − i16σaββ˙RD
βδHαβ˙ −
− i32 σ˜
β˙β
a G
αγ˙D¯β˙δHβγ˙ , (3.7)
5This procedure can be regarded as a linearized counterpart of solving the superspace constraints in terms of the prepotentials
[9] (the price to achieve linearity, however, is that we have to deal with the covariant derivatives DA rather than with the
holonomic ones, ∂M ). So, the counterpart δH
a of the variation of the Ogievetsky–Sokatchev auxiliary vector superfield [8] Hµ,
as well as the counterparts of the variation of the complex chiral compensators Φ [9], (DD− R¯)δU , are involved in the solution
of these equations. [The (anti)chiral superfield Φ¯ satisfies DαΦ¯ = 0 and can be expressed through the independent superfield
U by Φ¯ = (DD − R¯)U . Then the variation of Φ¯ is δΦ¯ = (DD −R)δU ].
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where
uαβγ˙ (δ) = −
1
4 D¯D¯D
(αδHβ)γ˙ +
3
8RD
(αδHβ)γ˙ −
− 18G
(α
β˙D¯γ˙δH
β)β˙ + 116D
(αR δHβ)γ˙ −
− 18 D¯(γ˙G
(α
β˙) δH
β)β˙ + 18W
αβγδHγγ˙ . (3.8)
Eq. (3.8), together with
uαβγ (δ) =
1
8G
(α
β˙DγδH
β)β˙ − 18Gδδ˙δ
(α
γ Dβ)δHδδ˙ +
+ 2δ
(α
γ Dβ)Λ(δ) , (3.9)
σaγγ˙u
αβ
a (δ) = −
i
2 (Dγu
αβ
γ˙ (δ) + D¯γ˙u
αβ
γ (δ))−
− i16RR¯δ
(α
γ δHβ)γ˙ −
i
16 D¯β˙R¯δ
(α
γ D¯γ˙δH
β)β˙ +
+ i16D
(αGβ)β˙D¯γ˙δHγβ˙ +
i
16W
αβδDγδHδγ˙ , (3.10)
define the variation of the spin connection through the
second equation in (3.2).
B. Superfield action and ‘free’ equations of motion
The nontrivial dynamical equations of motion should
follow from the variations (3.3), (3.4) with (3.5), (3.6)
only. The variation of the superdeterminant E =
sdet(EAM ) under (3.3), (3.4), has the form (see [6])
δE = E[− 112 σ˜
α˙α
a [Dα, D¯α˙]δH
a + 16Ga δH
a +
+ 2(D¯D¯ −R)δU¯ + 2(DD − R¯)δU ] . (3.11)
In the light of the identity (B.35), all the terms with
derivatives can be omitted in (3.11) when one considers
the variation of the action (3.1). Hence,
δSSG =
∫
d8Z δE =
=
∫
d8ZE [ 16Ga δH
a − 2R δU¯ − 2R¯ δU ] (3.12)
and one arrives at the following superfield equations of
motion for ‘free’, simple D = 4 N = 1 supergravity:
δSSG
δHa
= 0 ⇒ Ga = 0 , (3.13)
δSSG
δU¯
= 0 ⇒ R = 0 , (3.14)
δSSG
δU
= 0 ⇒ R¯ = 0 . (3.15)
Then the ‘free’ superfield Rarita–Schwinger equations,
ǫabcdTbc
γσdγγ˙ = 0 , ǫ
abcdTbc
γ˙σdγγ˙ = 0 , (3.16)
follow from the constraints (1.22), (1.23) with Ga = 0 =
R,
Tαα˙ ββ˙ γ = −
1
8ǫα˙β˙Wαβγ
⇔ Tab
γ = 132 (σaσ˜b)αβW
αβγ . (3.17)
The superfield generalization of the free Einstein equa-
tion Rac
bc = 12δ
b
aRcd
cd = 0 follows from setting Ga = 0
(Eq. (3.13)) and R = 0 (Eq. (3.16)) in Eq. (1.30).
IV. BRINK–SCHWARZ SUPERPARTICLE IN A
SUPERGRAVITY BACKGROUND
The superparticle dynamical variables are the super-
coordinate functions ZˆM (τ) defined by the map
φˆ :W 1 → Σ(4|4) , τ 7→ ZˆM (τ) = (xˆµ(τ), θˆα˘(τ) ) . (4.1)
defining a worldline W1 in Σ(4|4) parametrized by the
proper time τ ,
W1 ⊂ Σ(4|4) , ZM = ZˆM (τ) . (4.2)
The actual superparticle worldline is determined by the
equations of motion. For the massless superparticle these
equations follow from the Brink–Schwarz action
Ssp =
∫
W 1
Lˆ1 =
1
2
∫
W 1
l(τ)EˆaEˆbτηab , (4.3)
which involves the pull–back Eˆa ≡ Eˆa(τ) = dτEˆaτ (τ) to
W 1 of the bosonic supervielbein form Ea (Eq. (1.1)) on
Σ(4|4),
Eˆa = dZˆM (τ)E aM (Zˆ) ≡ dτEˆ
a
τ (4.4)
Eˆaτ = ∂τ Zˆ
ME aM (Zˆ)
and the Lagrange multiplier (worldline einbein) l(τ).
Note that the pull–backs of the fermionic supervielbein
forms
Eˆα = dZˆM (τ)E αM (Zˆ) ≡ dτEˆ
α
τ ,
ˆ¯Eα˙ = dZˆM (τ)E¯ α˙M (Zˆ) ≡ dτ
ˆ¯Eα˙τ , (4.5)
Eˆατ = ∂τ Zˆ
ME αM (Zˆ) ,
ˆ¯Eα˙τ = ∂τ Zˆ
M E¯ α˙M (Zˆ)
are not involved in the superparticle action (4.3) explic-
itly. This is a general property of the D–dimensional
super–p–brane actions that reflects an especial roˆle for
the bosonic ‘directions’ in superspace.
A. Equations of motion
The equations of motion for a superparticle moving in
a supergravity background follow from the variation of
the action (4.3) with respect to the Lagrange multiplier,
δl(τ) and the supercoordinate functions, δZˆ. The corre-
sponding variation of the pull–back (4.4) of the bosonic
supervielbein form (1.1) is
δ
Zˆ
Eˆa ≡ δ
Zˆ
Ea(Zˆ) := Ea(Zˆ + δZˆ)− Ea(Zˆ) =
= i
δZˆ
Tˆ a +D(i
δZˆ
Eˆa) + Eˆbi
δZˆ
wb
a , (4.6)
iδZˆE
a(Zˆ) := δZˆMEaM (Zˆ) , (4.7)
i
δZˆ
wab := δZˆM wabM (Zˆ) (4.8)
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(note in passing that these transformations coincide with
the pull–back of superspace general coordinate trans-
formations δgc, Eqs. (B.7), (B.8), to W
1, δ
Zˆ
Eˆa =
φˆ∗(δgcE
a(Z))).
The last term in (4.6) does not contribute to the action
variation 6
δSsp =
∫
W 1
[ 12δl(τ)EˆτaEˆ
a + l(τ) EˆτaδZˆEˆ
a ] , (4.9)
because EˆτaEˆτbiδZˆw
ba ≡ 0 due to iδZˆw
ba = −iδZˆw
ab.
When the background obeys the constraints (1.12) the
superparticle equations of motion become
Eˆασaαα˙Eˆaτ = 0 , Eˆaτσ
a
αα˙
ˆ¯Eα˙ = 0 , (4.10)
D(l Eˆaτ ) = 0 , (4.11)
Eˆaτ Eˆaτ = 0 . (4.12)
Indeed, Eq. (1.12) implies
i
δZˆ
Tˆ a = −2iσaαα˙Eˆ
αi
δZˆ
ˆ¯Eα˙ − 2iσaαα˙
ˆ¯Eα˙i
δZˆ
Eˆα −
− 18 Eˆ
bεabcdG
c(Zˆ) i
δZˆ
Eˆd . (4.13)
The last term does not contribute to the contraction
EˆτaiδZˆ Tˆ
a. Hence, after integration by parts, the expres-
sion (4.9) with (4.6) becomes
δSsp =
∫
W 1
[ 12δl EˆτaEˆ
a −D(l Eˆτa) iδZˆEˆ
a −
− 2i l Eˆτa(σ
a
αα˙Eˆ
αiδZˆ
ˆ¯Eα˙ + σaαα˙
ˆ¯Eα˙iδZˆEˆ
α)] , (4.14)
which implies the equations of motion (4.12) (
δSsp
δl
= 0),
(4.11) (
δSsp
δZˆM
EMa (Zˆ) = 0) and (4.10) (
δSsp
δZˆM
EMα˙ (Zˆ) = 0
and its complex conjugate).
Let us stress that we derived the superparticle equa-
tions of motion (4.11), (4.10) from an arbitrary variation
of the supercoordinate functions δZˆ, which is tantamount
to saying that they were obtained from the general co-
ordinate transformations δgc, (B.7), (B.8), pulled–back
to W 1. This reflects a spontaneous (partial) breaking of
the superspace general coordinate symmetry δgc of the
background by the superparticle worldline. The part of
the general coordinate symmetry δgc of the supergravity
background which is preserved by the worldline, can be
identified with the gauge fermionic κ–symmetry [37] and
reparametrization symmetry (more rigorously, the vari-
ational version of the worldline general coordinate sym-
metry) [21].
B. Local fermionic κ–symmetry and
reparametrization invariance of superparticle action
It is not hard to see that the superparticle action (4.3)
is invariant under the gauge fermionic κ–symmetry [37]
that acts on the coordinate functions and the Lagrange
multiplier l by
δκZˆ
M = Eˆaτ σ˜
α˙α
a (κ¯α˙(τ)E
M
α (Zˆ) + κα(τ) E¯
M
α˙ (Zˆ)) , (4.15)
δκl(τ) = 4il (Eˆ
α
τ κα(τ) +
ˆ¯Eα˙τ κ¯α˙(τ)) , (4.16)
To this end, it is convenient to write (4.15) in the form
iκEˆ
a ≡ δκZˆ
ME aM (Zˆ) = 0 , (4.17)
iκEˆ
α ≡ δκZˆ
ME αM (Zˆ) = κ¯α˙(τ)σ˜
α˙α
a Eˆ
a
τ ,
iκ
ˆ¯Eα˙ ≡ δκZˆ
ME α˙M (Zˆ) = Eˆ
a
τ σ˜
α˙α
a κα(τ) , (4.18)
substitute these iκEˆ
A and δκl(τ) (Eq. (4.16)) for iδZˆEˆ
A
and δl(τ) in (4.14), and observe that, due to the identity
Eˆaτ Eˆbτ (σ
aσ˜b)α
β = Eˆaτ Eˆaτ δα
β , (4.19)
the contribution lEˆaτδκEˆ
a = −2ilEˆaτEˆ
a
τ Eˆ
ακα + c.c.
can be compensated by the variation of the Lagrange
multiplier δκl (4.16).
In the same manner, one finds that the following trans-
formations of the supercoordinate functions
δrZˆ
M = r(τ)EˆaτE
M
a (Zˆ) , (4.20)
or, equivalently,
irEˆ
a ≡ δrZˆ
ME aM (Zˆ) = r(τ)Eˆ
a
τ ,
irEˆ
α = 0 , ir
ˆ¯Eα˙ = 0 , (4.21)
can be compensated by 7
δrl(τ) = l∂τr − r∂τ l . (4.22)
This proves the so–called reparametrization symmetry of
the superparticle action (see also Appendix D).
6This reflects the invariance of the action under a Lorentz rotation of the supervielbein, which can be considered as a pull–
back of the local Lorentz transformation of the supergravity background. Such transformations cannot be treated as gauge
symmetries of the superparticle in a supergravity background. However, they are gauge symmetries of the interacting system
of dynamical supergravity and the superparticle.
7On the worldvolume, acting on the pull–back of the superforms, D = dZˆMDM = dτDτ , where Dτ = ∂τ+connection term(s).
Integrating by parts one arrives at the terms involving ∂τ l in the worldvolume action variations. Note that Dτ l = ∂τ l, because
the einbein l(τ ) does not have Lorentz group indices.
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V. COMPLETE LAGRANGIAN DESCRIPTION
OF THE SUPERGRAVITY–SUPERPARTICLE
INTERACTING SYSTEM
A fully dynamical description of D = 4 N = 1 super-
gravity and the massless superparticle source interacting
system can be achieved by means of the action
S = SSG + Ssp =
∫
d8z E +
1
2
∫
W 1
l(τ)EˆaEˆbτηab , (5.1)
where E = sdet(EAM ) and the supervielbein in superspace
is assumed to be restricted by the constraints (1.12),
(1.13), (1.14).
A. Gauge symmetries of the coupled system
As the superparticle coordinate functions ZˆM ≡
ZˆM (τ) do not enter in the supergravity part of the ac-
tion, Eqs. (4.10), (4.11), (4.12) remain the same as in
the interacting system (5.1),
Eˆασaαα˙Eˆaτ = 0 , (5.2)
Eˆaτσ
a
αα˙
ˆ¯Eα˙ = 0 , (5.3)
D(l Eˆaτ ) = 0 , (5.4)
Eˆaτ Eˆaτ = 0 . (5.5)
Moreover, κ–symmetry (Eqs. (4.17), (4.18), (4.16)) and
reparametrization symmetry (Eqs. (4.21), (4.22)) are
preserved by the interaction.
The coupled action is evidently invariant under su-
perdiffeomorphisms δdiff ,
Z ′M = ZM + bM (Z) :
{
x′µ = xµ + bµ(x, θ) ,
θ′α˘ = θα˘ + εα˘(x, θ) ,
(5.6)
E′A(Z ′) = EA(Z), w′ab(Z ′) = wab(Z) , (5.7)
now supplemented by the corresponding transformations
for the superparticle variables Zˆ ′M = Zˆ ′M (τ)
Zˆ ′M = ZˆM + bM (Zˆ) :
{
xˆ′µ(τ) = xˆµ + bµ(xˆ, θˆ) ,
θˆ′α˘(τ) = θˆα˘ + εα˘(xˆ, θˆ) ,
(5.8)
so that
δdiffZ
M = Z ′M − ZM = bM (Z) , (5.9)
δdiff Zˆ
M = bM (Zˆ) (5.10)
and δdiffS = 0 (see Appendix B2, where further discus-
sion on the gauge symmetries of the coupled system can
be found).
B. Equations of motion of the coupled system
As mentioned above, the superparticle equations
δS/δZˆM = 0, δS/δl = 0 for the coupled dynamical sys-
tem remain the same as those for the system in a super-
gravity background, δSsp/δZˆ
M = 0, δSsp/δl = 0 (Eqs.
(5.2), (5.3), (5.4) and (5.5)). Let us now see how the
supergravity equations of motion are modified by the in-
clusion of the superparticle source.
Denoting the variation of the action induced by the
constraints preserving variations (3.3)–(3.6) by δ′ , one
concludes that
δ′S =
∫
d8ZE [ 16Ga δH
a − 2R δU¯ − 2R¯ δU ] +
+ δ′Ssp , (5.11)
where
δ′Ssp =
∫
W 1
l(τ)Eˆaτ δ
′Eˆa =
=
∫
W 1
l(τ)EˆaτdZˆ
Mδ′EaM (Zˆ) (5.12)
and δ′Eˆa is the pull–back of (3.3) to W 1. To have a well
posed variational problem, we extend the integration in
(5.12) to superspace by introducing the superspace delta–
function
δ8(Z − Zˆ) := δ4(x − xˆ)(θ − θˆ)4 (5.13)
where
(θ − θˆ)4 := 14! ǫα˘1...α˘4(θ − θˆ)
α˘1 . . . (θ − θˆ)α˘4 . (5.14)
Namely, we insert 1 =
∫
d8Zδ8(Z − Zˆ) into (5.12) and
use the identity δ′EaM (Zˆ)δ
8(Z− Zˆ) ≡ δ′EaM (Z)δ
8(Z− Zˆ)
to arrive at
δ′Ssp =
∫
d8Z [
∫
W 1
l(τ)EˆaτdZˆ
Mδ8(Z − Zˆ)] δ′EaM (Z) .
(5.15)
Now Eq. (3.3) can be straightforwardly inserted into
(5.15) and, using
dZˆMδ8(Z − Zˆ)EAM (Z) ≡ Eˆ
Aδ8(Z − Zˆ) ≡
≡ E(Z) 1
Eˆ
EˆAδ8(Z − Zˆ) , (5.16)
E(Z) ≡ sdet(EAM (Z)) , Eˆ = E(Zˆ) ,
one finds
δ′Ssp =
=
∫
d8ZE[
∫
W 1
l(τ)
Eˆ
Eˆaτ Eˆ
αδ8(Z − Zˆ)]iDαδH
a +
+
∫
d8ZE[
∫
W 1
l(τ)
Eˆ
Eˆaτ Eˆ
α˙δ8(Z − Zˆ)](−i)D¯α˙δH
a −
−
∫
d8ZE[
∫
W 1
l(τ)
Eˆ
Eˆaτ Eˆ
bδ8(Z − Zˆ)]×
× 14 σ˜
α˙α
b [Dα, D¯α˙]δH
a +
+
∫
d8ZE[
∫
W 1
l(τ)
Eˆ
Eˆaτ Eˆ
aδ8(Z − Zˆ)] (Λ(δ) + Λ¯(δ)) .
(5.17)
9
The extraction of the superdeterminant in (5.17) per-
mits integrating by parts using the identity (B.35) in
Appendix B. Thus Eqs. (5.11), (5.17) allows us a direct
derivation of the coupled equations of motion.
Note that the scalar variations δU , δU¯ are involved only
in the last term of (5.11), through (Λ(δ) + Λ¯(δ)) defined
by (3.6).
Let us now compute the δU variation of the coupled
action, δUS = δUSSG + δUSsp. The variation of the su-
pergravity part reads δUSSG = −
1
2
∫
d8Z E R¯ δU (see
Eq. (3.12)), while, due to (Λ(δU )+Λ¯(δU )) = (DD−R¯)δU
(see 3.6),
δUSsp =
=
∫
d8ZE[
∫
W 1
l
Eˆ
Eˆaτ Eˆ
aδ8(Z − Zˆ)](DD − R¯)δU
=
∫
d8ZE[
∫
W 1
l
Eˆ
Eˆaτ Eˆ
a(DD − R¯)δ8(Z − Zˆ)]δU . (5.18)
Thus, at a first look, Eq. (3.15) acquires a source term
δS
δU = 0 ⇒ R¯ = J0
J0 =
∫
W 1
l
2Eˆ
Eˆaτ Eˆ
a(DD −R)δ8(Z − Zˆ) .
(5.19)
However, one immediately observes that this source van-
ishes due the superparticle equation of motion (5.5)
δS
δl(τ) = 0 ⇒ Eˆ
a
τ Eˆaτ = 0 ⇒ J0 = 0 . (5.20)
Hence, the scalar superfield equations for the coupled dy-
namical system are the same as in the ‘free’ supergravity
case,
δS
δU
= 0 ⇒ R¯ = 0 , (5.21)
δS
δU¯
= 0 ⇒ R = 0 . (5.22)
Moreover, the above observation implies that the last
term in the superparticle action variation does not con-
tribute to the equations of motion,
∫
d8ZE[
∫
W 1
l(τ)
Eˆ
Eˆaτ Eˆ
aδ8(Z − Zˆ)] (Λ(δ) + Λ¯(δ)) = 0 ,
(5.23)
due to Eq. (5.5), EˆaEˆaτ = 0. Hence, after an integra-
tion by parts using the identity (B.35), and taking into
account Eq. (5.5), the variation (5.17) of the superparti-
cle action reads
δ′Ssp =
∫
d8ZE{iDαK
α
a − iD¯α˙K¯
α˙
a
− 14 σ˜
α˙α
b [Dα, D¯α˙]Ka
b}δHa , (5.24)
where the ‘spin 3/2’ and ‘spin 2’ ‘current prepotentials’,
Kαa , K¯
α˙
a = (K
α
a )
∗ and Ka
b, are defined by
Kαa (Z) :=
∫
W 1
l(τ)
Eˆ
Eˆaτ Eˆ
αδ8(Z − Zˆ) , (5.25)
K¯α˙a (Z) :=
∫
W 1
l(τ)
Eˆ
Eˆaτ Eˆ
α˙δ8(Z − Zˆ) , (5.26)
Ka
b(Z) :=
∫
W 1
l(τ)
Eˆ
Eˆaτ Eˆ
bδ8(Z − Zˆ) . (5.27)
Eqs. (5.24) and (5.11) imply the appearance of a cur-
rent potential superfield Ja (which is a vector density
distribution with support on the worldline), in the vec-
tor superfield equation of the coupled system (cf. (3.13)),
δS
δHa
= 0 ⇒ Ga = Ja . (5.28)
This vector current potential is constructed from the
vector–spinor and tensor densities Eq. (5.25), (5.26),
(5.27) (hence the ‘current prepotential’ name for K Ba )
as follows
1
6Ja = −iDαK
α
a + iD¯α˙K¯
α˙
a +
1
4 σ˜
α˙α
b [Dα, D¯α˙]Ka
b . (5.29)
The preservation of the scalar superfield equation R =
0 in the interacting dynamical system (5.1), Eq. (5.21),
immediately implies the vanishing of the spin 1/2 part
of the superfield generalization of the gravitino field
strength,
(σaσ˜b)β
γTabγ = 0 , (σ˜
aσb)γ˙ β˙Tabγ˙ = 0 (5.30)
(see Eq. (1.24). However, the above equation is only
a part of the content of the superfield generalization of
the free Rarita-Schwinger equation8. The complete su-
perfield generalization of the Rarita-Schwinger equation
for the coupling system can be obtained from Eq. (1.22)
with R = 0, Ga = Ja and possesses the source term
ǫabcdTbc
ασdαα˙ =
i
8
σ˜aβ˙βD¯(β˙|Jβ|α˙) . (5.31)
Using (1.31) and Eq. (5.21), R = 0, one finds that the
superfield generalization of the scalar curvature vanishes
in the supergravity–superparticle interacting system,
Rab
ab = 0 . (5.32)
However, in accordance with Eq. (1.30), the Ricci tensor
is expressed not only through R, R¯, but also through the
Ga superfield. Hence in the interacting system the su-
perfield Einstein equation acquires a source term which
is expressed through a second derivative of the current
potential superfield J αβ˙ = J aσ˜αβ˙a :
Rbc
ac = 132 (D
βD¯(α˙|J α|β˙) − D¯β˙D(βJ α)α˙)σaαα˙σbββ˙ .
(5.33)
8Indeed, the linear approximation equation ǫabcd∂bψ
α
c σdαα˙ = 0 is equivalent to the equations (σ
aσ˜b)(βγ)∂bψ
γ
a = 0 (which is a
counterpart of (5.30)) and ∂cψαc = 0.
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C. Properties of current potential Ja and Ka
B
prepotentials
Thus the vector superfield supergravity equation ac-
quires the source (5.29) (‘current potential’) from the
Brink–Schwarz superparticle action Ssp, Eq. (5.28),
while the scalar superfield equations (5.21), (5.22) re-
main sourceless as in free supergravity. Then the identi-
ties (1.20) immediately result in
DαJαα˙ = 0 , D¯
α˙Jαα˙ = 0 , (5.34)
which imply the supercurrent conservation
DaJa = 0 . (5.35)
In accordance with Eq. (5.29), the superparticle cur-
rent is constructed from the current prepotentials (5.25),
(5.26), (5.27). Moreover, Eq. (5.29) can be presented in
the form
1
6
Ja = −iDα(K
α
a +
i
4 σ˜
α˙α
b D¯α˙Ka
b) +
+ iD¯α˙(K¯
α˙
a +
i
4 σ˜
α˙α
b DαKa
b) . (5.36)
It is interesting that the spinor–vector and tensor cur-
rent prepotential carry only the irreducible spin 3/2 and
spin 2 representation of the Lorentz group, respectively.
Indeed, extracting the worldline measure dτ in (5.27),
Kab(Z) =
∫
W 1
dτ l(τ)
Eˆ
Eˆaτ Eˆ
b
τ δ
8(Z− Zˆ), one easily sees that
the tensor Kab(Z) is symmetric, and traceless due to Eq.
(5.5). In this sense one can say that the current potential
contains only a spin 2 irreducible part,
Kab(Z) = Kba(Z) , Kb
b(Z) = 0 . (5.37)
The spinor–vector current prepotentials carry spin 3/2,
because, due to Eq. (4.10), their spin 1/2 irreducible
parts vanish,
Kαa (Z)σ
a
αα˙ ≡ Kαα˙
α = 0 , (5.38)
σaαα˙K¯
α˙
a (Z) ≡ K¯αα˙
α˙(Z) = 0 . (5.39)
Finally, using Eq. (4.11), together with the identities
EA
M (Z)∂Mδ(Z − Zˆ) = EA
M (Zˆ)∂Mδ(Z − Zˆ) −
(−1)M+AM∂MEA
M (Z)δ(Z − Zˆ) , ∂Mδ(Z − Zˆ) =
−∂/∂ZˆM δ(Z − Zˆ) and (−1)M+AMDM (EEA
M ) ≡
E(−1)BTAB
B = 0 (the last part of the last identity is
valid due to the supergravity constraints), one finds the
relation
(−)BDBK
B
a ≡ DbKa
b −DβK
β
a − D¯β˙K¯
β˙
a = 0 , (5.40)
which completes the list of the properties of the super-
particle current prepotentials (5.25), (5.26), (5.27).
Contracting the vector indices of the current prepoten-
tials with the σ matrices, one can write the irreducibility
conditions (5.37), (5.38), (5.39) in the form
Kαβ α˙β˙ ≡ Kabσ˜α˙αa σ˜
β˙β
b = K
(αβ) (α˙β˙) , (5.41)
Kαββ˙ ≡ Kαa σ˜
β˙β
a = K
(αβ)α˙ , (5.42)
K¯α˙β˙β ≡ K¯α˙a σ˜
β˙β
a = K¯
(α˙β˙)β . (5.43)
Then, relation (5.40) reads
1
2
Dββ˙K
αβ α˙β˙ −DβK
αβα˙ − D¯β˙K¯
α˙β˙α = 0 , (5.44)
or, equivalently,
Dβ(K
αβα˙ + i4 D¯β˙K
αβ α˙β˙) = −D¯β˙(K¯
α˙β˙α + i4DβK
αβ α˙β˙) .
(5.45)
Eqs. (5.44), (5.45) allow us to write the expression
(5.36) for supercurrent in two other equivalent forms
1
6
J αα˙ ≡ 16Jaσ˜
aα˙α =
= −2iDβ(K
(βα) α˙ + i4 D¯β˙K
(αβ) (α˙β˙)) (5.46)
= 2iD¯α˙(K¯
(α˙β˙)β + i4DβK
(αβ) (α˙β˙)) . (5.47)
Now one can easily derive Eq. (5.34) using (5.46) and
(5.47). To this aim one uses the algebra of spinor deriva-
tives of the same chirality, Eq. (A.4),
R = R¯ = 0 ⇒ {Dα,Dβ} = 0 . (5.48)
Then the current potential conservation, Eq. (5.35), fol-
lows from Eqs. (5.34) and Eq. (A.5).
The properties (5.34) imply D¯α˙Jββ˙ = D¯(β˙|Jβ|α˙) and,
hence, allow us to write the r.h.s of the superfield Rarita–
Schwinger equation as the fermionic covariant derivative
of the current potential
Ψaα˙ ≡ ǫ
abcdTbc
ασdαα˙ =
i
4
D¯α˙J
a . (5.49)
The superfield Einstein equation (5.33) can be written as
Rbc
ac = 116 σ˜
β˙β
b [Dβ , D¯β˙ ]J
a (5.50)
Eqs. (5.49), (5.50) exhibit an interdependence of the
Einstein and Rarita–Schwinger superfield equations,
Rbc
ac = − i4 σ˜
β˙β
b (DβΨ
a
β˙
+ D¯β˙Ψ¯
a
β) . (5.51)
11
VI. GAUGE FIXING AND EQUATIONS OF
MOTION FOR THE INTERACTING SYSTEM
A. Gauge fixing
As all the gauge symmetries of the ‘free’ superfield su-
pergravity are still present in the interacting system, one
can fix first the WZ gauge (2.8). This would be the first
step towards the component description of the interact-
ing system in terms of the usual graviton and gravitino
spacetime fields.
As was shown in Sec. IIB and in Appendix C2, the WZ
gauge is preserved by some specific superdiffeomorphisms
and superspace local Lorentz transformations with free
parameters bA0 (x) = (b
a
0(x), ε
α
0 (x)) = b
A(Z)|θ=0 and
lab(x) = Lab(Z)|θ=0. In accordance with Eqs. (5.10) and
(4.15), the transformation of the fermionic coordinate
function θˆα˘(τ) under superdiffeomorphisms and world-
line κ–transformations acquires the form
δθˆα˘(τ) = bα˘(Zˆ) + δκθˆ
α˘(τ) , (6.1)
where δκθˆ
α˘(τ) is defined by the Eq. (4.15) with M = α˘.
This transformation rule reflects the Goldstone nature
of the superparticle (or superbrane) coordinate function
[22] (see also [23,24] and refs. therein).
In the WZ gauge (2.8), Eq. (6.1) can be written in the
form (see Eqs. (2.12), (2.22))
δθˆα(τ) ≡ δθˆα˘(τ)δα˘
α = εα(Zˆ) + δκθˆ
α(τ) . (6.2)
Decomposing the r.h.s of Eq. (6.2) in power series in
θˆ(τ) one writes
δθˆα(τ) = εα(Zˆ)|
θˆ=0 + δκθˆ
α(τ)|
θˆ=0 +O(θˆ) =
= ε
α
0 (xˆ) + δκθˆ
α(τ)|
θˆ=0 +O(θˆ) , (6.3)
where the arbitrary fermionic field parameter ε
α
0 (xˆ) is de-
fined as in Eqs. (2.22), (2.27) and corresponds to one of
the symmetries that preserve the WZ gauge.
Thus we can fix the gauge (simultaneously with the
WZ gauge)
θˆα(τ) = 0 (6.4)
(cf. the description of super–Higgs effect in [25]) by using
the freedom in the fermionic parameters ε
α
0 (xˆ) (but not
the pull–back ε
α
0 (xˆ, θˆ) of the complete superfield ε
α
0 (Z)).
The gauge (6.4) is preserved by transformations such that
ε
α
0 (xˆ) = −δκθˆ
α(τ)|
θˆ=0 = −κ
βγaβ
αEˆaτ |θˆ=0 , (6.5)
where we have written the form of the κ–symmetry trans-
formations (4.15) explicitly, in Majorana spinor notation,
by using the WZ gauge relations.
B. On the Goldstone nature of the (super)brane
coordinate functions
Since the possibility of fixing the gauge (6.4) might
look unexpected, we now discuss its physical meaning.
First, let us note that similar considerations show that
the bosonic counterpart of the gauge (6.4) can also be
fixed on the bosonic coordinate functions. It reads 9
xˆµ(τ) = (τ, 0, 0, 0) (6.6)
(or xµ(τ) = (τ, 0, 0,±τ) if one identifies x0 with the time–
like dimension in the flat (super)space limit). In general,
for a D dimensional p–brane interacting with dynamical
gravity one can fix locally the following counterpart of
the gauge (6.6) (static gauge)
xˆµ(τ, ~σ) = (τ, σ1, . . . , σp, 0, . . . , 0) , (6.7)
where the first (p + 1) of the D coordinate functions
are identified with the local worldvolume coordinates
ξm = (τ, σ1, . . . , σp), and the remaining coordinate func-
tions are set to zero (see [20]).
Clearly, the gauge (6.6) or (6.7) can be fixed also in
a dynamical system of pure bosonic gravity interacting
with a bosonic particle or brane. As such, this phenom-
ena should be known in general relativity, and this is in-
deed the case. The pure gauge nature of the coordinate
functions describing the motion of a dynamical source
(particle) was already known in general relativity, see e.g.
[38,39]. The presence of the gauge symmetry allowing to
fix locally the gauge (6.7) for branes or (6.6) for a parti-
cle is reflected in the language of second Noether theorem
(see [20,21]) by stating that the brane or particle equa-
tions of motion can be derived as a consequence of the
field equations for gravity. This type of statement can be
found in books (see, e.g. p. 240 in [39], pp. 19, 44-48 and
Eq. (1.6.13) in [38]) and comes back to the original paper
by Einstein and Grommer [40]. Namely, one can derive
the equations of motion of the particle source from the
9Note that the gauge with all components of xˆµ(τ ) equal to zero cannot be fixed due to the restrictions on the pure bosonic
sector of the transformations since the diffeomorphism transformations have to be invertible and it is clear that a (world)line
could not be represented by one point in any nondegenerate coordinate system. In contrast, the nondegeneracy of superdiffeo-
morphisms implies det(δαˇ
βˇ + ∂b
βˇ (x,θ)
∂θαˇ
) 6= 0, which does not restrict the field parameter bβˇ(x, 0) and, hence, εα0 (x) (see (2.22))
in (6.3). This allows us to use the pull–back εˆ
α
0 := ε
α
0 (xˆ) of ε
α
0 (x) to fix the gauge (6.4), where all the components of θˆ
αˇ(τ ) are
set to zero.
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covariant conservation of the particle energy–momentum
tensor in the r.h.s. of the Einstein field equation. So, the
statement of [38] is that we do not need varying the action
with respect to the matter (particle) variables, because
we can obtain the equations of motion for the matter
part as a consequence of the Einstein equations. These,
by their geometric structure, imply the covariant energy–
momentum conservation which in turn is equivalent to
the matter equations of motion.
Clearly, for the case of the brane source the same ar-
guments result in the derivation of the equations of mo-
tion for the brane variables from the conservation of an
energy–momentum tensor with support on worldvolume
(see [20] for an explicit proof). Then the choice of lo-
cal coordinate system allows one to fix the gauge (6.7)
locally. Certainly, for topologically nontrivial and/or
closed worldvolume this gauge cannot be fixed globally.
In contrast, one immediately notices that there are no re-
strictions on a global fixing of the fermionic gauge (6.4) as
no way of introducing topology on a Grassmann algebra
is known.
Thus one can state that both the fermionic and bosonic
coordinate functions of superbrane are pure gauge (can
be gauged away) when the interacting system of dynam-
ical (not background) supergravity and a dynamical su-
perbrane is considered.
Actually, the above statement is tantamount to saying
that the coordinate functions of superbranes are Gold-
stone fields10. In flat superspace these Goldstone fields
correspond to the translational symmetry and global su-
persymmetry that are broken by the superbrane world-
volume [22,23] i.e., by the position of the superbrane in
superspace. Then, when a brane or particle interact-
ing with (super)gravity is considered and, moreover, (su-
per)gravity is described by an action on the same footing
as the (super)brane, the global translations and global su-
persymmetry are replaced by superdiffeomorphism sym-
metry, which is the gauge symmetry of the coupled action
(e.g. of the action (5.1); see also Appendix B2). Thus the
coordinate functions in such a dynamical system should
be considered as Goldstone fields for gauge symmetries.
The Goldstone fields for the gauge symmetries are al-
ways pure gauge fields (compensators in the supergravity
language). The ‘unitary’ gauge where the Goldstone de-
grees of freedom are set to zero is always assumed in
the consideration of Higgs phenomenon. For the case of
spontaneously broken internal gauge symmetry, the only
trace of the interaction with the Goldstone fields in this
gauge turns out to be the mass terms in the gauge field
equations. This is just the content of the standard Higgs
phenomenon.
Now, when the Goldstone fields for spacetime (or su-
perspace) gauge symmetry live on a subspace of space-
time (superspace), i.e. on the (super)brane worldvolume
or (super)particle worldline, we may also expect a modifi-
cation of the equations for the spacetime (or superspace)
gauge fields. However, such a modification will only be
produced by terms with support on the worldvolume or
worldline. Hence these new terms modifying the gauge
field equations should be just the source terms, like the
r.h.s. of Eq. (6.16) below (in particular, for xˆ given
by (6.6)). Summarizing, when the Goldstone fields are
worldvolume fields, the counterpart of the mass terms
appearing in the gauge field equations as a result of the
usual Higgs mechanism, are precisely the source terms
in the Einstein equation and in some other gauge (su-
per)field equations.
In complete correspondence with the usual Higgs phe-
nomenon, the bosonic ‘unitary’ gauge (6.7) clearly cannot
remove the source from the Einstein equation. However,
the super–Higgs effect [25] may be subtler when we have
fermionic Goldstone fields defined on a surface in super-
space (i.e. on the superbrane worldvolume). The gauge
field equations that acquire a source term as a result of
the super–Higgs effect would be the superfield general-
izations of the Einstein equations and other gauge field
equations, including that for the gravitino, Ψ = JΨ (see
(5.49)). Let us discuss the fermionic superfield source
term JΨ. In the ‘unitary’ gauge θˆ
αˇ(ξ) = 0 one can expect
that JΨ ∝ θ (we show below that this is indeed the case
for D = 4, N = 1 supergravity–superparticle interacting
system). Now let us recall that the spacetime fermionic
gauge field equation (the gravitino equation) is given by
the leading component of the superfield equation Ψ = JΨ,
i.e. by Ψ|θ=0 = JΨ|θ=0. Thus, if JΨ ∝ θ, this gives
JΨ|θ=0 = 0. This means that the spacetime equation for
fermionic gauge field becomes sourceless, Ψ|θ=0 = 0, in
the ‘unitary’ gauge θˆαˇ(ξ) = 0 (Eq. (6.4) for the super-
particle).
We hope to return to the discussion of the fate of the
superbrane degrees of freedom and other issues of the (su-
per)Higgs phenomenon in the presence of superbranes in
a future publication. Here our goal is more immediate:
to find the explicit form of the equations of motion of
the supergravity–superparticle interacting system in the
fermionic ‘unitary’ gauge (6.4).
C. Gauge fixed form of the equations of motion of
the coupled system
In the WZ gauge supplemented by the condition (6.4),
the coupled system action is reduced to the action for
supergravity interacting with a bosonic particle. After
10More precisely, the bosonic and fermionic Goldstone fields are identified, respectively, with the bosonic coordinate functions
corresponding to the directions orthogonal to the worldvolume and with a half of fermionic coordinate functions.
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integration on Grassmann variable θ in the supergrav-
ity part of the coupled action (5.1) this coupled action
should become basically the same as the D = 4 case
of the action for supergravity–bosonic particle interact-
ing system considered in ref. [20]. The only expected
difference is the presence of the auxiliary fields, Ga|θ=0,
R|θ=0, R¯|θ=0, which are not essential as they appear in
the component action only through quadratic combina-
tions, without derivatives [9] and can be removed using
their algebraic equations of motion. Furthermore, pass-
ing to the component approach to supergravity, which
deals with fields on spacetime, one excludes the super-
space diffeomorphisms δdiff(b
M ) with θα˘ → θα˘+bα˘(x, θ)
from consideration. Then Eq. (6.5) is treated as the par-
tial breaking of the local spacetime supersymmetry [20]
(originating in δ˜gc and given by Eqs. (B.20), (B.21),
(B.22) with θ = 0 and Ga|θ=0 = 0 = R|θ=0).
Having in mind the results of [20], one would expect
that, in the light of above correspondence, the auxiliary
fields should have vanishing values in the gauge (6.4) and
that the spacetime Rarita–Schwinger equations following
from the superfield action for the interacting system, Eq.
(5.1), would be sourceless in this gauge.
The analysis indicates that this is indeed the case.
Firstly, in the coupled system the scalar main superfields
(1.10) are equal to zero on the mass shell, R = 0 = R¯,
Eqs. (5.21), (5.22). Thus R|θ=0 = 0, R¯|θ=0 = 0. In
contrast, the vector main superfield (1.9) becomes equal
to the current potential (5.29), Eq. (5.28). Hence
Ga|θ=0 = Ja|θ=0. However, it is seen that Ja|θ=0 = 0
in the gauge (6.4). Indeed, Ja is constructed from the
current prepotentials (5.25), (5.26), (5.27), which involve
δ8(Z − Zˆ) ≡ (θ− θˆ(τ))4δ4(x− xˆ), Eqs. (5.13), (5.14). In
the gauge (6.4)
Kαa (Z) = (θ)
4
∫
W 1
l(τ)[ 1
Eˆ
Eˆaτ Eˆ
α]|
θˆ=0δ
4(x− xˆ) , (6.8)
K¯α˙a (Z) = (θ)
4
∫
W 1
l(τ)[ 1
Eˆ
Eˆaτ Eˆ
α˙]|
θˆ=0δ
4(x− xˆ) , (6.9)
Ka
b(Z) = (θ)4
∫
W 1
l(τ)[ 1
Eˆ
Eˆaτ Eˆ
b]|
θˆ=0δ
4(x − xˆ) , (6.10)
i.e. all current prepotentials become proportional to the
highest possible power in the superspace Grassmann co-
ordinates,
θˆ = 0 ⇒


Ka
β(Z) ∝ (θ)4 ,
K¯a
β˙(Z) ∝ (θ)4 ,
Ka
b(Z) ∝ (θ)4.
(6.11)
Thus only the action of four Grassmann covariant deriva-
tives on KAa (Z) = (Ka
b ,Kαa , K¯
α˙
a ) can produce an expres-
sion which has a nonvanishing value for θ = 0. In partic-
ular,
θˆ = 0 ⇒ Ja ∝ (θ)
2 , (6.12)
and, hence, the auxiliary vector field of the minimal
D = 4, N = 1 supergravity vanishes on the mass shell in
the gauge (6.4),
θˆ = 0 , ⇒ Ga|θ=0 = Ja|θ=0 = 0 . (6.13)
The Rarita–Schwinger equation can be derived setting
θ = 0 in the superfield equation (5.49). However, in ac-
cordance with Eq. (6.11), DAJa|θ=0 = 0. Hence the
spacetime Rarita–Schwinger equation derived from the
superfield action for interacting supergravity–superbrane
system becomes sourceless in the gauge (6.4),
θˆ = 0 ⇒
Ψaα˙|θ=0 ≡ ǫ
abcdTbc
ασdαα˙|θ=0 =
i
4
D¯α˙J
a|θ=0 = 0 . (6.14)
One can verify using Eq. (2.6) that, due to Eqs. (6.13),
(5.21), Tab
α|θ=0 = 2e
µ
ae
ν
bD[µψ
α
ν](x). Hence the above
statement is related to the true component gravitino
equation.
The component Einstein equation for the coupled sys-
tem can be obtained by setting θ = 0 in Eq. (5.50).
Clearly, it possesses a source term, but only from the
spin 2 current prepotential, Eq. (5.27),
Rbc
ac|θ=0 =
1
16 σ˜
β˙β
b
[
[Dβ , D¯β˙ ]J
a
]
θ=0
=
= 164 σ˜
β˙β
b σ˜
α˙α
c
[
[Dβ , D¯β˙ ][Dα, D¯α˙]K
ac
]
θ=0
=
= 164 σ˜
β˙β
b σ˜
α˙α
c
[
[Dβ , D¯β˙][Dα, D¯α˙](θ)
2(θ¯)2
]
θ=0
×
×
∫
W 1
l(τ)[ 1
Eˆ
Eˆcτ Eˆ
a]|
θˆ=0δ
4(x − xˆ) . (6.15)
In the WZ gauge (2.8) (recall that it can be fixed simul-
taneously with the gauge (6.4)), where Eqs. (2.1)–(2.2)
as well as (2.7) and Eα
β˘ |
θˆ=0 = δα
β˘ are valid, Eq. (6.15)
reads
e(x)Rbc
ac|θ=0 = c
∫
W 1
l(τ)[eˆbτ eˆ
a]δ4(x− xˆ) , (6.16)
where c is a constant and eˆa ≡ dτeaτ = dxˆ
µ(τ)eaµ(xˆ)
is the pull–back to the worldline of the bosonic form
ea = dxµeaµ(x) = E
a|θ=0. Eq. (6.16) coincides with
the one obtained from the supergravity–bosonic particle
coupled action provided by the sum of the component
action for supergravity and the bosonic particle action
[20], for the case D = 4.
VII. CONCLUSIONS
We have provided in this paper a fully dynamical de-
scription of the D = 4, N = 1 supergravity and the mass-
less superparticle coupled system. It is given by the sum
of the superfield supergravity action [6] and the Brink–
Schwarz action [7] for the massless superparticle. We
have derived the complete set of superfield equations of
motion for such a dynamical system.
The superfield generalizations of the Rarita–Schwinger
(gravitino) equation and of the Einstein equation both
acquire source terms. These sources are determined by
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the Grassmann spinor covariant derivatives of one vector
superfield Ja, the current ‘potential’, which is a current
density distribution with support on the worldline that
appears at the right hand side of the vector superfield
equation (1.9) for the supergravity–superparticle coupled
system.
The current potential Ja is covariantly conserved, Eqs.
(5.34), (5.35), and turns out to be constructed from the
spin 3/2 and spin 2 distributions (5.27), (5.25), which
we call ‘current prepotentials’. These current prepoten-
tials obey Eqs. (5.37), (5.38), (5.40), as a result of the
superparticle equations of motion.
In the interacting system with dynamical supergrav-
ity, the Goldstone nature of the superparticle coordinate
functions ZˆM (τ) [22–24] allows one to fix the gauge (6.4)
that sets the Grassmann coordinate function equal to
zero, θˆ(τ) = 0 (cf. [25]). The analysis of the local (gauge)
symmetries of the coupled system shows that it is possi-
ble to fix simultaneously θˆ(τ) = 0 and the Wess–Zumino
gauge for the supergravity variables. Clearly, with these
gauge fixing conditions, after integration over the su-
perspace Grassmann coordinates θ and the elimination
of the auxiliary fields Ga|θ=0, R|θ=0, R¯|θ=0 by means of
their (algebraic) equations of motion, the supergravity–
superparticle interacting action (5.1) should reduce to the
action for supergravity–bosonic particle system investi-
gated in [20]. To verify this conclusion we have studied
the component equations of motion derived from the su-
perfield equations for the supergravity–superparticle sys-
tem and shown that they do coincide with the supergrav-
ity bosonic particle equations from [20] when both the
WZ gauge and the gauge (6.4) are used. In particular,
in the resulting gauge the component Rarita–Schwinger
equations remain sourceless while the Einstein equations
acquire a source term from the (super)particle.
The net outcome of our analysis is that the complete
superfield action for the supergravity–superparticle in-
teracting system has the supergravity–bosonic particle
system as its gauge fixed version, as it is also the case for
the group–manifold based action for the coupled system
[18].
The applications of the present approach to the case
of D = 4 supergravity–superstring and supergravity–
supermembrane systems requires a previous knowledge
of D = 4 superspace supergravity with additional two–
form and three–form in superspace (cf. [41]). This, as
well as an analysis of the (super–)Higgs effect in the pres-
ence of superbranes and the study of the interaction of
supergravity with more than one superbrane, will be the
subject of future work.
Acknowledgments. The authors are grateful to D.
Sorokin and to I. Bars, E. Bergshoeff, M. Cederwall,
G. Dvali, E. Ivanov, A. Pashnev, P. Pasti, K. Stelle
and M. Tonin for useful discussions at different stages
of this work. This research has been partially sup-
ported by the Spanish Ministry of Science and Tech-
nology through grants BFM2002-03681, BFM2002-02000
and EU FEDER funds, the Junta de Castilla y Leo´n
thorugh grant VA085-02, the Ucrainian FFR (research
project #383), INTAS (research project N 2000-254) and
by the KBN grant 5P03B05620. One of the authors (IB)
thanks the Abdus Salam ICTP for their hospitality in
Trieste during the final stages of this work.
APPENDIX A: CHIRAL PROJECTORS
The algebra of covariant derivatives DA, Eq. (1.17), is
encoded in the Ricci identities
DDVA = R
B
A VB ↔


DDVa = R
b
a Vb ,
DDVα = R
β
α Vβ ,
DDVα˙ = R
β˙
α˙ Vβ˙ ,
(A.1)
where VA = (Va, Vα, V
α˙) is an arbitrary supervector with
tangent superspace Lorentz indices. Decomposing (A.1)
on the basic two–forms EA ∧ EB, one finds (see [12,13])
[DA ,DB}VC = −TAB
DDDVC +RAB C
D VD . (A.2)
When the constraints (1.12), (1.13), (1.14), (1.16), (1.18),
(1.19), (1.20) are taken into account, Eqs. (A.1) (or
(A.2)) imply
{Dα,Dβ} Vγ = −R¯ǫγ(αVβ) , (A.3)
{Dα,Dβ} V
γ = −R¯V(αδβ)
γ , (A.4)
{Dα, D¯β˙} = 2iσ
a
αβ˙
Da ≡ 2iDαβ˙ , etc. (A.5)
In their turn, Eqs. (A.3), (A.4) and their complex con-
jugates determine the form of the chiral projectors, i.e.
they can be used to prove the identities
(DD − R¯)Dαξ
α := (DβDβ − R¯)Dαξ
α = 0 , (A.6)
(D¯D¯ −R) D¯α˙ξ¯
α˙ := (D¯β˙D¯
β˙ −R) D¯α˙ξ¯
α˙ = 0 ,
Dα(DD − R¯)U = 0 , (A.7)
D¯α˙(D¯D¯ −R)U = 0 ,
where ξα, ξ¯α˙ are arbitrary spinor superfields and U is an
arbitrary scalar superfield. Note that the chiral projec-
tors are different when acting on superfields with Lorentz
group indices, e.g.
(DD + 12 R¯)DαU ≡ 0 . (A.8)
APPENDIX B: ON SUPERDIFFEOMORPHISM
INVARIANCE AND SUPERSPACE GENERAL
COORDINATE INVARIANCE
In this Appendix we present a complete account of all
the manifest superfield gauge symmetries of superfield su-
pergravity. We discuss separately the active and passive
forms of general coordinate invariance which we call gen-
eral coordinate symmetry, δgc, and superdiffeomorphism
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symmetry, δdiff , respectively. Although both symme-
tries are known, usually only one of these two symmetries
are considered in the literature. The reason is that the
invariance of the Lagrangian form in a field theory (or
of the Lagrangian integral form in a superfield theory)
under δdiff implies immediately the invariance under δgc
(see Appendix A1 for further discussion). However, when
dealing with a new type of system where some of the (su-
per)fields live on a submanifold of (super)space (e.g., on
the superparticle worldline) while others are defined on
whole superspace, it is important to take into account
that δdiff and δgc act differently. In fact, this differ-
ence is already seen even for ‘free’ supergravity where
we show (Appendix B2) that the Wess–Zumino gauge is
invariant under δgc, whereas the δdiff transformations
are broken by the Wess–Zumino gauge fixing conditions
down to spacetime local supersymmetry and spacetime
diffeomorphisms.
First, let us note that the set of superspace local
Lorentz transformations
δLE
A = EBLB
A(Z) ⇔

δLE
a = EbLb
a(Z) , Lab = −Lba := Lab(Z)
δLE
α = EβLβ
α , Lβ
α = 14L
ab(σaσ˜b)β
α ,
δLE
α˙ = Eβ˙Lβ˙
α˙ , Lβ˙
α˙ = − 14L
ab(σaσ˜b)
α˙
β˙ ,
δLw
ab = DLab , (B.1)
is a manifest symmetry of the constraints. Clearly, they
do not act on the superspace coordinates δLZ
M = 0.
Secondly, the constraints (1.12), (1.13), (1.14), (1.16),
(1.18), (1.19), (1.20), as relations among differential
forms, are independent on the choice of a superspace lo-
cal coordinate system. This evident statement can be
formulated as an invariance under superdiffeomorphism
(i.e., superspace diffeomorphism) transformations δdiff
(see [20]),
Z ′M = ZM + bM (Z) :
{
x′µ = xµ + bµ(x, θ) ,
θ′α˘ = θα˘ + εα˘(x, θ) ,
(B.2)
E′A(Z ′) = EA(Z), w′ab(Z ′) = wab(Z) . (B.3)
The statement of the invariance of differential forms, Eqs.
(5.7),
δdiffZ
M = Z ′M − ZM = bM (Z) , (B.4)
δdiffE
A = E′A(Z ′)− EA(Z) = 0 , (B.5)
δdiffw
ab = w′ab(Z ′)− wab(Z) = 0 , etc., (B.6)
just implies that Eq. (B.2) (or (5.9)) describes a change
of local coordinates, but does not act on the superspace
‘points’ 11. Thus δdiff invariance can be treated as the
passive form of the general coordinate symmetry in su-
perspace.
Thirdly, the set of constraints is invariant under
general coordinate transformations of superspace δgc
[6,13,20] (active form of general coordinate symmetry).
δgc is the symmetry under an arbitrary change of super-
space ‘points’ (in contrast to a change of local coordinates
as in the case of δdiff )
δgcZ
M = tM (ZM ) . (B.7)
The transformation of differential forms under the change
of arguments (B.7) is given by the Lie derivative Lt ≡
itd+ dit, i.e.,
δgcE
A(Z) := EA(Z + t)− EA(Z) = LtE
A(Z) =
= itT
A +D(itE
A) + EBitwB
A , (B.8)
δgcw
ab(Z) := wab(Z + t)− wab(Z) = Ltw
ab(Z) =
= itR
ab +D(itw
ab(Z)) , etc. , (B.9)
where
itE
A = tMEAM =: t
A , (B.10)
itw
ab(Z) = tM (Z)wabM (Z) = t
A(Z)wabA (Z) , (B.11)
itT
A = EBtCTCB
A , itR
ab = EBtCRabCB . (B.12)
The last terms in Eqs. (B.8), (B.9) can be regarded as
a Lorentz transformation (B.1) induced by δgc, δL(L
ab =
itw
ab) and, thus, they can be conventionally ignored in a
manifestly Lorentz invariant theory. In other words, one
may consider, equivalently, the superposition of transfor-
mations δgc(t) + δL(L
ab = −itw
ab) instead of the origi-
nal δgc(t). These transformations were called supergauge
transformations in [13].
The simplest way to see that the constraints are in-
variant under the superspace general coordinate trans-
formations δgc is to recall that δgc implies moving from
one superspace ‘point’ to another one and that, since the
constraints are satisfied at any superspace ‘point’, they
are invariant 12.
Note also that the transformations of superforms,
(B.8), (B.9), δgcT
A = DitT
A + itDT
A, etc., imply the
usual transformation rules for the (super)tensors (zero
11The prime under differential form means, e.g., E′A(Z′) ≡ EA(Z(Z′)). Thus Eq. (B.5) is the trivial identity EA(Z) ≡
EA(Z(Z′)) reflecting the freedom of choosing an arbitrary local coordinate system. Nevertheless, the form invariance of an
action or of an equation under δdiff requires the model to be formulated using the supervielbein superfield (in the bosonic case,
when spinor fields are absent, it is enough to introduce a metric field). Thus δdiff can be used as a gauge principle for gravity
and supergravity models.
12Denote the set of constraints by CA2 (Z) ≡
1
2
EB ∧ECCCB
A(Z) = 0. They are satisfied at any superspace point ZM . Thus,
CA2 (Z + t(Z)) = 0 too and δgcC
A
2 (Z) = C
A
2 (Z + t(Z))− C
A
2 (Z) = 0.
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forms). For instance, for TCB
A defined by Eqs. (1.2)–
(1.4), TA := 12E
C ∧ EBTBC
A, one obtains δgcTCB
A =
tDDDTCB
A.
The fermionic general coordinate transformations
(B.7), (B.8), with parameter tM (Z) = ǫα(Z)Eα
M (Z),
i.e. (see (B.10)),
iǫE
a = 0 , iǫE
α = ǫα(Z) , (B.13)
can be treated as a local supersymmetry [13], while the
bosonic transformations (B.7) with parameter tM (Z) =
ta(Z)Ea
M (Z) provide the superfield generalization of the
spacetime general coordinate transformations. However,
with such treatment, the origin of the local supersymme-
try of the component formulation of supergravity, i.e. of
supergravity formulated as a theory of fields on space-
time, becomes slightly obscure. The following observa-
tion helps to make the above mentioned relation clearer.
Since diffeomorphism invariance δdiff(b
M ), (Eqs.
(B.2), (B.3)) is guaranteed, one can consider, instead
of (B.7), the variational version of the general coordi-
nate transformations [6] δ˜gc with parameter t
A(Z) =
tMEAM := itE
A, defined by (see [21])
δ˜gc(t
A) = δgc(t
M ) + δdiff (b
M = −tM ) +
+ δL(L
ab = −itw
ab) . (B.14)
δ˜gc(t) does not act on the superspace coordinates and
acts on superforms through the covariant Lie derivative
δ˜gcZ
M = 0 , (B.15)
δ˜gcE
A(Z)= itT
A +DtA , (B.16)
δ˜gcw
ab(Z)= itR
ab , etc. . (B.17)
The superfield local supersymmetry δls(ǫ
α) can be
identified with the variational version δ˜gc(ǫ
α) of the
fermionic general coordinate transformations (B.15),
(B.16):
δls(ǫ
α) = δ˜gc(t
a = 0, tα = ǫα(Z), tα˙ = ǫ¯α˙(Z)) . (B.18)
Then the relation with the local supersymmetry of the
component formulation of supergravity becomes espe-
cially transparent.
Indeed, Eqs. (B.16), (B.17) with the torsion and cur-
vature two–forms from (1.12), (1.13), (1.14), (1.16), and
tA = (0, ǫα(Z), ǫ¯α˙(Z)) provide us with the following local
superspace supersymmetry transformations
δlsZ
M = 0 ⇔
{
δlsx
µ = 0 ,
δlsθ
α˘ = 0 ,
(B.19)
δlsE
a = −2iEασa
αβ˙
ǫ¯β˙(Z)− 2iE¯α˙σaβα˙ǫ
β , (B.20)
δlsE
α = Dǫα + i8E
a[(ǫσaσ˜b)
αGb + (ǫ¯σ˜a)
αR] , (B.21)
δlsE¯
α˙ = Dǫ¯α˙ − i8E
a[(σ˜bσaǫ¯)
α˙Gb + (σ˜aǫ)
α˙R¯] , (B.22)
δlsw
αβ = −E(αǫβ)R¯− i8E
a[(σ˜a)
γ˙(αǫβ)D¯γ˙R¯+
+ (ǫσaσ˜b)
(αDβ)Gb] . (B.23)
The superspace local supersymmetry transformations δls
of the main superfields (1.9)–(1.11) are determined by
δlsR = ǫ
αDαR , δlsR¯ = ǫ¯
α˙D¯α˙R¯ , (B.24)
δlsG
a = ǫαDαG
a + ǫ¯α˙D¯α˙G
a , (B.25)
δlsW
αβγ = ǫδDδW
αβγ , δlsW¯
α˙β˙γ˙ = ǫ¯δ˙D¯δ˙W¯
α˙β˙γ˙ . (B.26)
Setting θ = 0 in the δls transformations (B.20) – (B.26)
we arrive at the transformation rules of the off-shell su-
persymmetry characteristic of the minimal formulation
of the D = 4, N = 1 supergravity. To this end one needs
the expression of the spinor derivatives of the main su-
perfields in terms of the Riemann curvature (Rcd
ab, Eqs.
(1.15), (1.26)) and the gravitino field strengths (Tαbc, T
α˙
bc,
Eqs. (1.22), (1.23)) with the use of the consequences
of the constraints (1.12), (1.13), (1.14), (1.16), (1.18),
(1.19), (1.20). For instance, DαR and D¯α˙R¯ are expressed
through the gravitino field strength Tabβ with the use of
Eqs. (1.24).
The variational version of the superspace general co-
ordinate transformations δ˜gc with bosonic parameters t
a
can be called ‘local translations’, δlt = δ˜gc(t
a, tα = 0)
δltZ
M = 0 ⇔
{
δltx
µ = 0 ,
δltθ
α˘ = 0 ,
(B.27)
δltE
a = Dta + 18Ebε
abcdtc(Z)Gd , (B.28)
δltE
α = − i8E
βta(σaσ˜b)β
αGb +
+ i8 E¯
β˙ǫαβtaσaββ˙R + E
btaTab
α , (B.29)
etc.
In the pure bosonic case it is precisely this symmetry (this
form of the spacetime general coordinate invariance) that
provides the possibility of treating general relativity as a
gauge theory of the Poincare´ group [42] (see [21] for fur-
ther discussion).
B1. Gauge symmetries of the ‘free’ supergravity
superfield action
The action (3.1) is evidently invariant under the su-
perdiffeomorphisms (B.2), (B.3),
δdiffSSG = 0 . (B.30)
This invariance is a simple consequence of the possibility
of changing variables in any integral (see footnote 11);
but moreover, in our case the action is form invariant as
the theory is formulated in terms of the supervielbein.
In the pure bosonic case, where the counterpart of the
above statement means that the action is an integral of
a differential form (Lagrangian form), S =
∫
MD
LD, the
general coordinate invariance follows then from the sim-
ple observation that the variation of the Lagrangian form
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under δgc, as well as under δ˜gc, is given (see [21]) by a Lie
derivative: δgcLD ≡ δ˜gcLD = itdLD+d(itLD). Then the
first term vanishes as it contains the exterior derivative of
D–form on a D–dimensional manifold, while the second
term is a total derivative which does not contribute for a
spacetimeMD without boundary. This statement is usu-
ally treated as a manifestation of the equivalence between
the active and passive forms of general coordinate trans-
formations. However, although these symmetries imply
each other in field theories, their roˆle is different as we
show in Appendix C (C2, C3).
In the case of superspace the action is written in terms
of an integral (Berezin) form. Nevertheless, the general
coordinate invariance of the superdiffeomorphism invari-
ant action can be also established easily. For instance, to
prove the invariance of the action (3.1) under the varia-
tional version δ˜gc(t
A) (B.15), (B.16), (B.17) of the super-
space general coordinate transformations, including local
supersymmetry (Eqs. (B.19), (B.20)–(B.26)), one has to
use the identity∫
d4xd˜4θE (DAξ
A + ξBTBA
A)(−1)A ≡ 0 , (B.31)
which is valid for any complex superfield ξA =
(Ca(Z), να(Z), µ¯α˙(Z)).
A variation of superdeterminant has the form
δE ≡ E EA
M δEM
A (−1)A . (B.32)
To compute δ˜gcE one ubstites iM (δ˜gcE
A) from Eqs.
(B.16) for δEM
A, and finds
δ˜gcE = E(−1)
ADAt
A + E(−1)AtBTBA
A . (B.33)
Then the identity (B.31) implies
δ˜gcSSG =
∫
d8ZE (DAt
A + tBTBA
A)(−1)A = 0 . (B.34)
This completes the proof of general coordinate symmetry.
Note that, as the constraints of minimal supergravity
(1.12), (1.13) imply (−1)ATBA
A = 0, the identity (B.31)
simplifies to∫
d8ZE DAξ
A(−1)A = 0 . (B.35)
Since δls = δ˜gc(t
A = (0, ǫα)), Eq. (B.18), this proves,
in particular, the invariance under the local supersym-
metry transformations (B.19)–(B.26) (which imply, e.g.,
δlsE
a
M = −2iE
α
Mσ
a
αβ˙
ǫ¯β˙(Z) + 2iE¯α˙Mσ
a
βα˙ǫ
β). Specifically,
one finds
δlsSSG = −
∫
d8ZE Dαǫ
α =
∫
d8ZDM (EE
M
α ) ǫ
α
≡ −
∫
d8ZTαA
A(−1)Aǫα = 0 . (B.36)
B2. On the gauge symmetries of the
supergravity–superparticle coupled system
The invariance of the coupled action under superspace
diffeomorphisms δdiff follows from the fact that Eqs.
(5.10), (5.9), (B.5) imply
δdiff Eˆ
a = Eˆ′a(Zˆ + δdiff Zˆ)− Eˆ(Zˆ) = 0 . (B.37)
Thus,
δdiffSsp = 0 (B.38)
and, since δdiffSSG = 0 (Eq. (B.30)) we find
δdiffS = 0 . (B.39)
On the other hand, as the superspace coordinates ZM
(not to be confused with ZˆM (τ)) do not enter in the
superparticle action, the general coordinate transforma-
tions δgc (Eqs. (B.7), (B.8)) supplemented by the defini-
tion
δgcZˆ
M (τ) = 0 , (B.40)
trivially give δgcSsp = 0, and the invariance of the super-
gravity action δgcSSG = 0 gives
δgcS = 0 . (B.41)
Then the invariance under the variational copy of the
superspace general coordinate transformations, δ˜gc, Eqs.
(B.15), (B.16) supplemented by the definition
δ˜gcZˆ
M (τ) = −tM (Zˆ) (B.42)
≡ −ta(Zˆ)EMa (Zˆ)− ǫ
α(Zˆ)EMα (Zˆ)− ǫ¯
α˙(Zˆ)EMα˙ (Zˆ) ,
follows from the δgc and δdiff invariances
13,
δ˜gcS ≡ δ˜gcSsp = 0 . (B.43)
Note that in the ‘superparticle sector’ of the configura-
tion space of the interacting system the action of δ˜gc,
Eq. (B.42), coincides with the action of diffeomorphism
transformations.
In particular, the transformation of the fermionic coor-
dinate function θˆα˘(τ) under the full set of local symme-
tries of the interacting system (including δdiff (b) (5.10),
δ˜gc(t) (B.42) and the worldline κ–symmetry) acquires the
form
δθˆα˘(τ) = bα˘(Zˆ)− tα˘(Zˆ) + δκθˆ
α˘(τ) , (B.44)
where δκθˆ
α˘(τ) is defined by the Eq. (4.15) with M = α˘.
13The breaking of δ˜gc invariance, discussed in [20,21], is a spontaneous symmetry breaking.
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APPENDIX C: MORE ON THE WESS–ZUMINO
GAUGE
C1. Decomposition of superfields in the
Wess–Zumino gauge
The decomposition of the superfields Eα˘
a, Eα˘
α, wα˘
ab
in power series on θ is completely determined by Eqs.
(2.14), (2.15), (2.16). To make such an expansion ex-
plicit one can use the formal operator [28]
1
(1+θ∂) =
1
(1+θαDα)
(C.1)
The action of such an operator is well defined on super-
fields (as they are polynomials in θ) and produces ex-
pressions involving covariant Grassmann derivatives Dα
when (C.1) acts on the torsion and curvature superfields.
For instance, from Eq. (2.14) one finds
Eaα˘(Z) =
1
(1+θ∂)θ
βT aβα˘ = θ
β 1
(2+θαDα)
(ECα˘ T
a
Cβ) , (C.2)
where we use Eq. (2.13) and the identity
1
(k+θ∂)θ
β ≡ θβ 1(k+1+θ∂) (C.3)
(which follows from (k + θ∂)θβ = θβ(k + 1 + θ∂)).
As one more example, let us present the explicit form
of the dθ component of the expression (2.17), which en-
ters (2.15):
Dα˘θ
β = δ
β
α˘ + θ
γwα˘γ
β =
= δ
α
α˘(δ
β
α +
1
4θ
γΓabγ
β 1
(1+θ∂)θ
βRβα
ab)
= δ
α
α˘(δ
β
α +
1
4θ
γΓabγ
βθβ 1(2+θǫDǫ)Rβα
ab) . (C.4)
The complete decomposition of the dxµ components of
the forms Ea, Eα, wab is governed by the dxµ compo-
nents of the (2.14), (2.15), (2.16), e.g.
θ∂Eaµ = E
B
µ θ
βTβB
a = −θβEBµ TBβ
a . (C.5)
Clearly, Eq. (C.5) involves the nilpotent operator θ∂ ≡
θα˘∂α˘ = θ
αDα. This nilpotent operator has an evident
kernel: the leading component of the superfield, e.g.
Eam|θ=0 = e
a
m(x). However, as it was observed in [28],
this operator can be considered as invertible in the space
of superfields with the vanishing leading components.
Thus one can write as well the formal expansion for Eaµ
by subtracting the kernel, Eaµ(Z) → (E
a
µ(Z) − E
a
µ|θ=0)
(thus arriving at a superfield with vanishing leading com-
ponent) and using the formal relation (C.3) with k = 0
(which is meaningful in the space of superfields with van-
ishing leading components) to arrive at
Eaµ(Z) = E
a
µ|θ=0 − θ
β 1
(1+θαDα)
(EBµ (Z)TBβ
a) . (C.6)
C2. Gauge symmetries preserving the Wess–Zumino
gauge
To find the full set of local symmetries that preserve
the WZ gauge (2.8) 14 one may write the infinitesimal
variations δdiff (b
M ), δ˜gc(t
A), δL(L
ab) of the WZ condi-
tions (2.8) and require their preservation,
(θα˘ + bα˘(Z)) (E′Aα˘ (Z
′) + δLE
A
α˘ (Z) + δ˜gcE
A
α˘ (Z)) =
= (θα˘ + bα˘(Z)) δAα˘ , (C.7)
(θα˘ + bα˘(Z)) (w′abα˘ (Z
′) + δ˜gcw
ab
α˘ (Z) +
+ δLw
ab
α˘ (Z)) = 0 . (C.8)
Here δ˜gc is defined by Eqs. (B.15), (B.16), (B.17) and the
primes reflect the superdiffeomorphism transformations,
Eqs. (B.15), (5.7) or (B.5), (5.9). Hence
E′Aα˘ (Z
′) = EAα˘ (Z)− ∂α˘b
M EAM (Z) , (C.9)
w′abα˘ (Z
′) = wabα˘ (Z)− ∂α˘b
M wabM (Z) . (C.10)
The terms δ˜gcE
A
α˘ (Z) and δ˜gcw
ab
α˘ (Z) in Eq. (C.7), (C.8)
are defined by the contraction of Eqs. (B.16), (B.17),
δ˜gcE
A
α˘ (Z) = t
BTABα˘ +Dα˘t
A , (C.11)
δ˜gcw
ab
α˘ (Z) = t
DRabDα˘ . (C.12)
Finally, the Lorentz transformations have the standard
form (B.1), (2.21),
δLE
A
α˘ (Z) = E
B
α˘ (Z)LB
A(Z) , (C.13)
δLw
ab
α˘ (Z) = Dα˘L
ab(Z) , (C.14)
LB
A(Z) =
(
Lb
a 0
0 Lβ
α
)
, Lab = −Lba ,
Lβ
α = 14L
abγabβ
α . (C.15)
By algebraic manipulation with the use of the recur-
rent relations (2.14), (2.15), (2.16), one can present Eqs.
(C.7), (C.8) in the form
14Note that we do not use here the ‘prepotentail’ form of the WZ gauge described in footnote 4, and shall not address the
issues of residual symmetries in such gauge. This requires a separate study as a number of gauge symmetries have to be fixed
before one arrives at the expression in terms of auxiliary vector superfield and chiral compensator, and, on the other hand, the
solutions of the constraints are defined modulo additional gauge symmetry transformations. Thus all our statements below are
for the Wess–Zumino gauge (2.8) fixed through the conditions on the potentials of the superfield supergravity.
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θ∂(bA − tA) = (bB − tB)θγTγB
A +
+ θγ(L
β
γ − bMwMγ
β) , (C.16)
θ∂(Lab(Z)− bMwM
ab) = −(bD − tD)θγRCγD
ab . (C.17)
Setting tA = 0 in Eqs. (C.16), (C.17), one arrives at Eqs.
(2.19) (2.20).
At zero–order of the weak field approximation one finds
the set of equations (cf. (2.23)–(2.25))
θ∂(ba − ta) = −2i(εβ − ǫβ)γaβγθ
γ , (C.18)
θ∂(εα − ǫα) = θβLβ
α , (C.19)
θ∂Lab(Z) = 0 , (C.20)
which are solved by
ta(Z)− ba(Z) = ta−(x)− 2iθγ
aǫ−(x) −
− i4θ(γbcγ
a)θ lbc(x) , (C.21)
ǫα(Z)− εα(Z) = ǫ
α
−(x)− θ
βlβ
α(x) , (C.22)
Lab(Z) = lab(x) , (C.23)
where ta−(x), ǫ
α
−(x) are arbitrary vector and spinor func-
tions and lab(x) are local Lorentz parameters.
In the general case the WZ gauge is preserved by the
part of the original superspace local symmetry corre-
sponding to the parameters that are not restricted by
Eqs. (2.19), (2.20). These are the superfield parameter
tA+(Z) = b
A(Z) + tA(Z) , (C.24)
the vector and spinor field parameters
tA−(x) = (t
a
−(x), ǫ
α
−(x)) = (t
A(Z)− bA(Z))|θ=0 , (C.25)
and the antisymmetric tensor field parameter
lab(x) = Lab(Z)|θ=0 . (C.26)
In particular, both the spacetime diffeomorphisms
and general coordinate transformations (with parameters
ba(Z)|θ=0, t
a(Z)|θ=0), as well as Lorentz (l
ab(x)) and lo-
cal supersymmetry (ǫα(x) = ǫα(Z)|θ=0) transformations
preserve the WZ gauge.
C3: On the general coordinate invariance of the
Wess–Zumino gauge
The fact that the conditions (2.19), (2.20) on the pa-
rameters of the symmetry that preserve the WZ gauge do
not restrict also the superfield parameter (C.24) requires
some comments. Eq. (B.14) can be rewritten as
δgc(t
M ) = δ˜gc(t
A) + δdiff (b
M = tM ) +
+ δL(L
ab = itw
ab) . (C.27)
Then, Eqs. (2.19), (2.20) become the identity 0 ≡ 0 when
bM = tM , Lab = itw
ab. This observation shows that the
superfield symmetry which preserves the WZ gauge is
just the general coordinate symmetry in its original form
δgc, Eqs. (B.7), (B.8), (B.9). This can be also verified
straightforwardly.
Actually, the general coordinate invariance of the WZ
gauge (2.8) is natural and should be expected if one has in
mind that the general coordinate transformations imply
passing from one ‘point’ of superspace to another, while
the WZ gauge (2.8) is valid at any superspace ‘point’15.
It is instructive to understand how this symmetry is
realized in the spacetime supergravity action. Let us
consider first a superfield action with a full superspace
(Berezin) measure (e.g. the functional (3.1)) which pos-
sesses superspace general coordinate invariance. Then
one can integrate over the Grassmann variables and ar-
rive at a component action written as the integral over
spacetime of a Lagrangian form expressed in terms of
spacetime fields. However, as this is still the same ac-
tion, it should still possess the superspace general co-
ordinate invariance. But, on the other hand, it is in-
dependent of the Grassmann variables after the Berezin
integration. The resolution of this apparent paradox is
that on the component fields the superspace general co-
ordinate transformations (B.7)–(B.8) are realized non-
linearly, with only the subgroup of spacetime general co-
ordinate transformations acting linearly. For instance,
on the spacetime vielbein form ea(x) = Ea(Z)|θ=0,dθ=0
the superspace general coordinate symmetry with pa-
rameters tM (Z) = (tµ(x, θ), ǫαˇ(x, θ)) acts as ea(x) →
ea(x + t(x, θ))|θ+ǫ(x,θ)=0 (cf. the nonlinear realization
of the superspace supergravity supergroups in [26]; it
is instructive to note that the above expression simpli-
fies if the superfield ǫαˇ is assumed to be independent
of θ, ǫαˇ(x, θ) = ǫαˇ0 (x); in this case one finds e
a(x) →
ea(x+ t(x,−ǫ0(x))).
The roˆle of superdiffeomorphism symmetry is differ-
ent. It allows us to choose a coordinate system in super-
space (the WZ gauge) where all the higher terms in the
decomposition of supervielbein superfields on powers of
Grassmann coordinates are expressed in terms of leading
15A bosonic counterpart of the above statement is that the defining conditions of the normal coordinate system in general
relativity, xµ(eaµ(x)− δ
a
µ) = 0, x
µωabµ = 0, are invariant under the active form of spacetime general coordinate transformations
xµ → xµ + tµ(x) , ea(x) := dxµeaµ(x) → e
a(x + t) = ea(x) + itde
a + dite
a. This again can be easily explained by observing
that the above conditions are valid at any spacetime point and that the active form of the general coordinate transformation
implies just replacement of one spacetime point by another.
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components of supertensors (torsion, curvature and their
covariant derivatives).
The additional hidden superspace general coordinate
invariance of the component supergravity action may
shed some light on the transition from the superfield ac-
tion to its component form that uses ‘Ectoplasm’ ideas
[43,15], as well as on the existence of the rheonomic or
group manifold approach to supergravity [19]16 and of a
related treatment of the D = 10 superfield superstring
action [45].
APPENDIX D: ON WORLDLINE SYMMETRIES
OF THE BRINK–SCHWARZ SUPERPARTICLE
ACTION
The reparametrization symmetry δr, Eqs. (4.21),
(4.22), is the gauge symmetry of the superparticle ac-
tion which can be identified with the variational version
of the worldline general coordinate transformations, δ˜wgc,
because the transformations (4.20), (4.21), (4.22) do not
act on the proper time τ . Note that, actually, as the
natural definition of δ˜wgc(s(τ)) (cf. (B.15), (B.16)) is
provided by
δ˜wgcτ := 0 , (D.1)
δ˜wgcZˆ
M (τ) = s(τ)∂τ Zˆ
M (τ) , (D.2)
δ˜wgcl(τ) = l∂τs− s∂τ l , (D.3)
the transformation δ˜wgc differs from δr by one more local
symmetry, δh(h(τ)),
δhZˆ
M (τ) = h(τ)(Eˆατ E
M
α (Zˆ) +
ˆ¯Eτ
α˙E¯Mα˙ (Zˆ)) (D.4)
⇔


ihEˆ
a = 0 ,
ihEˆ
α = h(τ)Eˆατ ,
ih
ˆ¯Eα˙ = h(τ) ˆ¯E
α˙
τ ,
(D.5)
namely,
δr(r) = δ˜wgc(s = r) + δh(h = −r) . (D.6)
Note that δh(h(τ)) is present in the Brink–Schwarz super-
particle in any spacetime dimensionD where the gamma–
matrices can be chosen to be symmetric.
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